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PREFACE 


My  mother's  deafness  is  very  trifling,  you 
see,  just  nothing  at  all.  By  only  raising 
my  voice,  and  saying  anything  two  or  three 
times  over,  she  is  sure  to  hear. 

Emma 
Jane  Austen 

Deafness  ‘'is  not  a  conspicuous  handicap.  This  is 
certainly  why  its  prevalence  is  often  underestimated.  Extrapola¬ 
tion  from  sample  surveys  indicates  that  somewhere  between  seven 
and  eight  million  people  in  the  United  States  suffer  from  some  de¬ 
gree  of  auditory  impairment.  The  hearing  impairment  of  many 
persons  can  be  compensated  to  some  extent  by  a  hearing  aid. 
However,  not  all  forms  of  deafness  can  be  treated  by  simple  am- 
plificationc  For  about  900,  000  people  with  severe  auditory  dis¬ 
ability,  the  use  of  conventional  hearing  aids  must  be  augmented  by 
special  instruction  and  therapy  for  even  barely  adequate  communi¬ 
cation  to  be  achieved. 

Hearing  is  strongly  coupled  to  two  interrelated  ac¬ 
tivities  of  immense  importance:  speech  and  language,  Man’s  abil¬ 
ity  for  abstract  thinking  depends  greatly  on  his  capacity  for  ac¬ 
quiring  and  using  language.  A  person  who  loses  his  hearing  after 
learning  to  speak  will  retain  his  speech  despite  a  tendency  for  the 
quality  to  deteriorate.  On  the  other  hand,  a  person  born  without 
hearing  cannot  autonomously  learn  to  speak  or  perceive  speech. 
Hence,  if  the  intellectual  development  of  the  congenitally  deaf 
person  is  not  to  be  severely  curtailed,  special  training  and 

*  For  literary  variety,  the  terms  "deafness,"  auditory  impair¬ 
ment"  and  "hearing  impairment"  are  used  interchangeably  in 
these  Proceedings.  They  all  refer  to  a  degree  of  hearing  loss 
severe  enough  to  require  special  devices  and/or  techniques  for 
the  acquisition  of  speech  and  the  conduct  of  oral  communication 
with  others. 
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prosthetic  devices  must  be  provided  which  will  not  only  facilitate 
communication  with  the  environment  but  will  also  convey  the  ab¬ 
stract  concepts  of  symbol  manipulation  on  which  language  depends. 
The  problem  of  meeting  the  special  needs  of  the  hearing  impaired 
infant  therefore  has  two  components:  one  concerned  with  teaching 
and  the  other  with  technology. 

The  provision  of  special  training  places  a  heavy 
responsibility  upon  the  teacher  of  the  deaf  who  must  be  equipped  to 
meet  one  of  the  most  difficult  challenges  in  the  educational  pro¬ 
fession.  In  addition  to  the  exercise  of  traditional  pedagogical 
skills,  the  teacher  must  be  capable  of  applying  knowledge  from  a 
number  of  disciplines  that  relate  to  the  problems  of  the  hearing 
impaired  child.  These  disciplines  include  acoustic  phonetics,  audiol¬ 
ogy  and  linguistics. 

In  the  field  of  prosthetic  devices  and  training  aids, 
the  task  in  hand  has  many  aspects  which  range  from  the  develop¬ 
ment  of  child-proof  conventional  hearing  aids  to  special  purpose 
training  aids  which  provide  auditory  or  tactile  displays  of  impor¬ 
tant  features  of  articulation  such  as  pitch  or  duration. 

The  profession  of  educator  of  the  deaf  has  a  long 
and  checkered  history.  The  Proceedings  of  the  biennial  meetings 
of  the  American  Instructors  of  the  Deaf  can  be  traced  back  to  the 
last  century.  In  studying  these  volumes  and  related  publications 
(e.  g.  Volta  Review  and  American  Annals  of  the  Deaf),  it  is  appar¬ 
ent  that  whereas  the  basic  philosophical  positions  have  remained 
unaltered  (e.  g.  the  oral  versus  manual  controversy),  techniques 
have  undergone  dramatic  change  as  a  result  of  technological  inno¬ 
vation.  The  single  most  important  invention  has  clearly  been  the 
electronic  hearing  aid  which  reached  a  practical  level  of  develop¬ 
ment  in  the  1930's.  Since  then,  the  major  technological  advances 
have  been  the  development  of  audiometric  measuring  equipment 
and  the  miniaturization  of  the  hearing  aid.  More  recently,  new 
applications  of  technology  have  provided  tools  which  may  have  a 
profound  influence  on  the  hearing  impaired  and  particularly  on  the 
education  of  hearing  impaired  children.  These  include  speech 
analyzing  aids  and  computer-based  learning  systems. 

The  growing  interest  in  speech  analyzing  aids  led 
to  a  highly  successful  conference  on  this  subject  held  at  Gallaudet 
College  in  1967.  The  proceedings  of  this  conference  were  published 
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in  the  American  Annals  of  the  Deaf,  vol.  113,  1968.  A  few  years 
later  a  symposium  concerned  with  speech  communication  ability 
and  profound  deafness  was  convened  immediately  prior  to  the 
International  Congress  on  Education  of  the  Deaf  (August  17-21,  1970) 
in  Stockholm.  However,  despite  these  signs  of  a  serious  concern 
about  the  development  of  new  devices,  as  yet  there  has  been  little 
evidence  of  their  evaluation  or  widespread  deployment  in  schools 
for  the  deaf.  A  method  of  keeping  teachers  of  the  deaf  informed 
of  new  developments  and  of  their  potential  value  is  evidently  needed. 

The  Committee  on  the  Interplay  of  Engineering 
with  Biology  and  Medicine  (CIEBM)  was  formed  in  1967  by  the 
National  Academy  of  Engineering  under  contract  with  the  National 
Institutes  of  Health.  Since  its  inception  the  Committee  has  been 
charged  with  the  responsibility  of  providing  advice  on  the  role  of 
engineering  in  medicine,  biology  and  health  care.  The  mobility  and 
communication  problems  of  the  visually  and  hearing  impaired  are 
the  concern  of  the  Subcommittee  on  Sensory  Aids  which  advises  the 
CIEBM  on  the  present  status  and  needed  developments  in  the  field 
of  sensory  aids.  To  meet  its  responsibility  toward  auditory  im¬ 
pairments,  the  Subcommittee  has  identified  four  major  problem 
areas.  Forming  the  subject  matter  of  the  conference  reported  upon 
in  this  volume,  they  are: 

(1)  Hearing  aids  (conventional  electroacoustic  amplifiers, 
transposers,  sensory  translators). 

(2)  Evaluation  of  hearing  aids. 

(3)  Training  of  teachers  in  speech  science. 

(4)  Computer-based  learning  systems  for  the  deaf  child. 

The  plan  of  the  conference  was  to  bring  scientists 
in  the  above  four  areas  in  contact  with  administrative  heads  of 
schools  for  the  deaf  and  other  specialists  concerned  with  the  hear¬ 
ing  impaired.  The  gathering  was  international  in  character  with 
representatives  from  Canada,  Sweden  and  the  United  Kingdom  being 
present.  One  objective  was  to  alert  school  administrators  to  the 
state  of  the  art  (and  our  lack  of  knowledge)  in  these  areas  and  hope¬ 
fully  to  encourage  them  to  pursue  some  research  in  their  own 
schools.  A  second  objective  was  to  obtain  from  educators  and 
psycho -linguists  an  indication  of  the  kinds  of  tools  that  are  needed 
to  facilitate  the  education  of  the  hearing  impaired.  The  meeting 
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consisted  of  four  half-days  devoted  to  each  of  the  four  topics.  Each 
half-day  was  followed  by  a  general  discussion  from  both  sides  of 
the  house.  The  program  of  the  conference  is  given  in  Appendix  A; 
the  invited  participants  are  listed  in  Appendix  B. 

Events  at  the  conference  showed  that  administrators 
were  indeed  greatly  stimulated  by  the  topics  discussed.  The  most 
important  realization  to  emerge,  however,  was  the  identification  of 
a  tremendous  chasm  that  exists  between  scientists  and  teachers. 

The  scientists  were  unaware  of  the  day-to-day  problems  faced  by 
the  teachers,  and  the  teachers  were  unaware  of  what  was  known 
and  --  even  more  important  -  -what  was  unknown  in  the  areas  dis¬ 
cussed.  There  was  general  agreement  on  the  need  for  the  education 
of  both  sides  in  each  other's  problems. 

This  publication  contains  summary  accounts  of  the 
presentations  made  by  principal  speakers,  reports  of  the  ensuing 
discussions  and  the  conclusions  which  emerged  at  the  "Conference 
on  Sensory  Training  Aids  for  the  Hearing  Impaired"  held  at  the 
Tidewater  Inn,  Easton,  Maryland,  on  November  15-17,  1970,  under 
the  auspices  of  the  National  Academy  of  Engineering.  This  digest 
covers  more  than  sixteen  hours  of  discourse  and  is  the  product  of 
a  considerable  degree  of  editing.  It  was  to  be  expected  that  during 
the  ebb  and  flow  of  argument  some  of  the  ground  would  be  crossed 
and  recrossed  many  times.  To  the  editors,  who  have  attempted  to 
present  the  nub  of  each  argument  in  as  fair  a  manner  as  possible, 
this  repetition  has  presented  a  major  opportunity  to  shorten  the 
verbatim  transcript  of  the  meeting.  However,  the  removal  of 
much,  although  not  all,  of  this  tautology  has  led  to  the  omission  of 
several  reiterated  contributions  despite  their  lucid  presentation 
at  opportune  moments.  The  earliest  expression  of  an  idea  has, 
in  general,  been  given  priority. 

Much  time  has  been  spent  in  verifying  the  accuracy 
of  various  remarks  and  in  providing  source  references  to  important 
statements.  It  has  not,  however,  been  possible  to  consult  every 
discussant  quoted  in  this  report.  Thus  the  responsibility  for  any 
omissions,  errors  or  misquotations  lies  squarely  with  the  editors 
who  tender  their  apologies  to  those  concerned. 

The  Subcommittee  on  Sensory  Aids  gratefully  ac¬ 
knowledges  the  support  provided  for  its  activities  under  the  National 
Academy  of  Engineering  (NAE)  contract  with  the  Office  of  the 
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Director,  National  Institutes  of  Health  (NIH)  for  programs  of  the 
CIEBM.  Additional  support  for  this  conference  was  provided  un¬ 
der  contract  to  the  NAE  by  the  Office  of  Education;  Department 
of  Health,  Education  and  Welfare  and  by  grants  from  the  National 
Institute  of  Neurological  Diseases  and  Stroke,  NIH  and  from  the 
Alexander  Graham  Bell  Association  for  the  Deaf,  Inc. 

The  success  of  the  conference  must  be  attributed 
to  the  significant  contributions  of  each  of  the  invited  participants. 
To  them  and  particularly  to  George  Fellendorf,  who  developed  the 
program  and  very  ably  chaired  the  conference,  the  Subcommittee 
is  indebted. 


Also  to  be  acknowledged  are  the  efforts  of  the 
staff  of  the  CIEBM;  in  particular,  Charles  W.  Garrett  (Executive 
Secretary)  who  worked  actively  on  the  program  from  beginning  to 
end,  to  staff  members  Dorothy  D.  Campbell,  Ernestine  Pierce 
and  Mary  Alice  McDonough  who  handled  all  of  the  necessary  but 
unheralded  details  from  travel  arrangements  and  program  printing 
to  manuscript  proofreading,  and  to  Sally  Prewitt  who  diligently 
and  precisely  prepared  the  camera-ready  copy  of  these  Proceedings. 

Harry  Levitt 

Patrick  W.  Nye 

Editors 
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PROLOGUE 


AUDITORY  AND  SPEECH  IMPAIRMENTS 
(A  Pre-conference  Primer) 


Introduction 


The  purpose  of  this  prologue  is  twofold.  First,  it 
is  intended  to  provide  an  explanation  of  the  terminology  and  a  re¬ 
view  of  the  topics  in  speech  and  hearing  science  which  underlie 
much  of  the  subject  matter  contained  in  this  conference  report. 
Bound  by  these  limitations,  this  review  makes  no  claim  to  compre¬ 
hensiveness.  Second,  the  prologue  sketches  a  picture  of  the  nature 
and  the  scale  of  the  problems  of  deafness  and  speech  impairment 
resulting  from  deafness  in  the  United  States.  This  sketch  provides 
a  basis  from  which  it  can  be  seen  that  effectively  applied  skills  in 
education  and  technology  are  needed  and  can  significantly  contribute 
toward  shaping  some  of  the  solutions  to  the  many  problems  of 
auditory  impairment. 

The  Ear 


Much  of  our  knowledge  of  the  anatomy  and  physiology 
of  the  ear  dates  from  the  late  nineteenth  century.  More  modern 
contributions  have  been  made  primarily  in  the  areas  of  neurophysi¬ 
ology,  psychophysics  and  acoustic  response.  Although  much  is  now 
known  in  broad  terms  about  the  architecture  and  functions  of  the 
auditory  nervous  system,  there  are  many  gaps  in  our  knowledge 
and  many  baffling  questions  still  demand  attention.  In  particular, 
we  possess  very  little  knowledge  concerning  the  effects  of  auditory 
impairment  on  speech  perception. 

The  essential  components  of  the  ear  are  shown  in 
Figure  1.  Sound  energy  impinging  on  the  eardrum  is  conveyed 
mechanically  by  the  middle  ear  ossicles  to  the  oval  window  of  the 
cochlea.  The  cochlea  is  tapered  and  normally  coiled  in  a  flat  spiral 
of  two  and  a  half  turns.  Figure  2  (a)  depicts  a  longitudinal  section 
through  an  uncoiled  cochlea  and  shows  the  two  fluid-filled  spaces 
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Figure  1  -  Major  components  of  the  ear 
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Vestibular  Figure  2  -  (a)  Longitudinal  section  through  the 
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of  the  scala  vestibuli  and  scala  tympani  separated  by  the  cochlear 
partition.  The  cochlear  partition  shown  in  Figure  2(b)  is  a  trian¬ 
gular  structure  bounded  on  one  side  by  the  basilar  membrane  and 
bony  shelf  and  on  the  other  by  Reissner's  membrane.  Sitting  on 
the  basilar  membrane  is  the  organ  of  Corti  from  which  the  hair 
cells  protrude  toward  the  tectorial  membrane.  The  hair  cells  num¬ 
ber  about  24,  000  and  are  arranged  longitudinally  in  four  rows 
(three  rows  of  outer  and  one  row  of  inner  hair  cells  separated  by 
Corti’ s  arch)  which  extend  along  most  of  the  length  of  the  basilar 
membrane  from  the  oval  window  to  the  helicotrema. 

Vibrational  energy  reaching  the  oval  window  is  trans¬ 
mitted  to  the  cochlear  partition  causing  relative  motion  between 
the  hair  cells  and  the  tectorial  membrane.  By  a  process  which  is 
not  clearly  understood  these  movements  are  sensed  by  the  hair 
cells  and  lead  to  neural  impulses  which  are  transmitted  along  the 
auditory  nerve.  The  auditory  nerve  conveys  these  impulses  to  the 
cochlear  nucleus  which  receives  innervation  from  both  ears.  Thence 
the  signal  travels  to  the  superior  olivary  complex,  the  medial  geni¬ 
culate  body  and  the  auditory  cortex.  At  many  of  these  intermediate 
stages  the  fiber  pathways  undergo  a  considerable  amount  of  diver¬ 
gence  and  convergence  suggesting  information  processing  operations 
which  are  still  only  the  subject  of  vague  speculation.  Efferent 
fibers  appear  to  terminate  in  the  region  of  the  spiral  ganglia  and 
give  support  to  conjecture  that  feedback  signals  control  some  aspect 
of  the  input  signal. 

The  anatomical  structure  of  the  ear  has  been  clearly 
described  in  a  number  of  excellent  texts  ^  and  the  reader  is 
referred  to  these  sources. 

Types  of  Hearing  Impairment 

In  this  brief  review  no  attempt  can  be  made  to  pro¬ 
vide  more  than  a  glimpse  of  a  few  of  the  anatomical  and  neurologi¬ 
cal  disorders  that  can  lead  to  deafness  of  varying  degrees  of 
severity. 


Hearing  impairments  may  be  classified  into  four 
major  categories.  The  first  is  conductive  loss  associated  with  a 
defect  or  pathology  of  the  middle  ear,  ear  drum  or  ear  canal. 
Fixation  of  the  stapes  in  the  oval  window  is  a  common  pathological 
condition  due  to  the  disease  otosclerosis.  The  resultant  hearing 
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disability  as  measured  by  pure  tone  audiograms  is  usually  fairly 
uniform  as  a  function  of  frequency  but  may  increase  at  high  and  at 
low  frequencies.  Another  common  pathology  is  otitis  media  in 
which  sound  transmission  through  the  middle  ear  is  reduced  by 
fluid,  pus  or  adhesions  secondary  to  infection. 

The  second  broad  class  of  hearing  impairment  is 
sens  or  i -neural  in  origin  and  is  caused  by  defects  in  the  cochlea  or 
auditory  nerve.  These  causes  of  sensori-neural  impairments  may 
be  congenital  or  hereditary  factors,  disease,  tumors,  old  age, 
longterm  exposure  to  industrial  noise,  acoustic  trauma  or  the  action 
of  toxic  agents.  A  sensori-neural  loss  is  usually  greater  for  high 
tones  than  for  low  tones.  Sensori-neural  loss,  as  the  name  implies, 
may  be  sub-divided  into  two  categories  ,  cochlear  (i.  e.  sensory)  and 
retro -cochlear  (i.  e.  neural).  Two  common  causes  of  cochlear  im¬ 
pairment  are  Meniere's  syndrome  (which,  in  addition,  affects  the 
semi-circular  canals)  and  traumatic  noise  exposure.  The  latter 
typically  affects  the  outer  hair  cells  at  the  basal  end  of  the  cochlea 
and  produces  a  rapidly  falling  high  frequency  hearing  loss.  Retro- 
cochlear  impairments  may  be  due  to  damage  in  the  auditory  nerve 
or  brain  stem  pathways  such  as  may  be  caused  by  a  tumor,  hemor¬ 
rhage,  or  multiple  sclerosis. 

The  third  broad  class  of  hearing  loss  is  central  in 
nature.  This  type  of  impairment  is  not  necessarily  accompanied 
by  a  decrease  in  auditory  sensitivity  but  tends  to  manifest  itself 
in  varying  degrees  through  a  decrease  in  auditory  comprehension. 
For  example,  the  subject  may  have  a  normal  or  near  normal  audio- 
gram  but  be  unable  to  recognize  or  interpret  sounds,  especially 
speech.  Causes  of  such  central  impairments  may  be  damage  to 
the  auditory  cortex  by  cerebral  hemorrhage,  meningitis,  skull 
trauma,  or  congenital  defects. 

To  this  brief  description  of  organic  hearing  disorders 
must  be  added  a  fourth  broad  classification  known  as  functional 
deafness  in  which  there  is  no  known  organic  involvement.  1  While 
this  classification  is  often  used  as  an  umbrella  for  undiagnosed 
pathology,  it  does  properly  embrace  many  very  real  cases  of  deaf¬ 
ness  in  which  the  causes  are  psychological  or  motivational  rather 
than  physiological. 

The  most  common  cause  of  impaired  hearing  is  ad¬ 
vanced  age.  Changes  associated  with  aging  occur  throughout  the 
auditory  system  and  include  the  degeneration  of  hair  cells  (parti¬ 
cularly  in  the  basal  turn  of  the  cochlea),  alterations  in  the  cochlear 
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fluids  and  the  loss  of  neurons  in  the  ascending  pathways  and  cells 
in  the  auditory  cortex.  These  effects  are  collectively  termed  pres¬ 
bycusis  and  are  manifested  chiefly  as  a  high  frequency  loss  that 
increases  with  age  and  adversely  affects  speech  discrimination. 

A  common  additional  phenomenon  is  a  dip  in  the  audiogram  at  4  kHz 
which  may  be  due  in  part  to  past  exposure  to  very  intense  noise. 
Prolonged  exposure  to  industrial  noise  often  produces  a  reduction 
in  hearing  sensitivity  which  is  difficult  to  distinguish  from  presbycusis. 

Loss  of  sensitivity  is  not  the  only  symptom  of  a 
hearing  defect.  Various  forms  of  distortion  or  loss  of  clarity  of  the 
incoming  signal  are  also  common.  Sensori-neural  impairment  is 
usually  accompanied  by  some  degree  of  impairment  of  speech  dis¬ 
crimination.  As  a  result  of  hair  cell  degeneration,  some  of  the 
frequency- resolving  power  of  the  cochlea  is  lost;  the  hearing  im¬ 
paired  individual  experiences  difficulty  in  making  fine  distinctions 
between  speech  sounds,  particularly  those  having  a  predominance 
of  high  frequency  energy.  He  may  hear  the  speaker’s  voice  easily 
but  be  unable  to  distinguish,  for  example,  between  tbe  words  "fat" 
and  "sat". 

The  phenomenon  of  recruitment  also  occurs  in  con¬ 
junction  with  many  types  of  sensori-neural  loss.  The  subjective 
experience  is  an  abnormally  rapid  growth  of  loudness  with  increase 
in  signal  level.  Thus  an  impaired  ear  may  have  a  considerably  re¬ 
duced  dynamic  range  because  not  only  is  the  threshold  for  detection 
elevated,  but  a  relatively  small  increase  in  level  may  make  the 
sound  uncomfortably  loud. 

Another  type  of  abnormality  is  diplacusis  in  which 
a  tone  is  heard  as  having  a  harsh  or  buzzing  quality  or  having  more 
than  one  pitch.  A  common  form  of  diplacusis  is  that  in  which  dif¬ 
ferent  pitches  are  heard  at  the  two  ears  for  the  same  sound.  Di¬ 
placusis  may  be  caused  by  local  irritation,  fatigue  or  mild  injury 
to  the  organ  of  Corti  and  can  sometimes  be  induced  by  prolonged 
exposure  to  a  high -intensity  sound. 

Tinnitus,  or  'ringing  in  the  ears’,  is  a  very  common 
auditory  phenomenon  which  is  experienced  occasionally,  to  a  mild 
degree,  by  almost  everyone.  The  phenomenon  is  believed  to  be 
caused  by  the  spontaneous  discharge  of  hair  cells  or  nerve  fibers. 

It  is  symptomatic  of  an  irritation  of  the  sense  organ  and  can  be 
induced  in  many  ways  such  as,  for  example,  by  drugs  or  exposure 
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to  high  intensity  sound.  Tinnitus  occurs  in  conjunction  with  many 
types  of  sensori-neural  impairment  and  in  severe  cases  can  con¬ 
tribute  significantly  to  the  disruption  of  speech  perception. 

The  physiological  process  of  hearing  is  covered  in 
depth  in  Wever  and  Lawrence  For  further  details  on  hearing 
impairments  the  reader  is  referred  to  Davis  and  Silverman  1. 

Categorization  by  Audiogram 

In  addition  to  the  classifications  so  far  described, 
several  attempts  have  been  made  to  define  categories  of  hearing 
impairment  in  terms  of  the  audiogram These  methods  are  pri¬ 
marily  empirical  and  have  importance  in  legal  and  practical  ap¬ 
plications.  The  methods  described  by  Hirsh  ^  and  Risberg  and 
M^rtony  5  represent  examples  of  classification  procedures.  Refer¬ 
ence  was  made  to  them  on  several  occasions  during  the  conference. 
It  should  be  noted  that  until  recently  two  zero  reference  standards 
for  audiometers  were  in  use.  The  American  Standards  Association 
(ASA)  scale  applies  to  much  of  the  data  gathered  prior  to  1964  while 
the  International  Organization  for  Standardization  (ISO)  scale  has 
been  used  with  increasing  frequency  since  that  date.  The  ISO  scale 
has  in  recent  years  been  officially  adopted  by  the  American  National 
Standards  Institute  (formerly  ASA)  and  is  now  incorporated  in  newly 
manufactured  audiometers.  To  a  rough  approximation  the  ISO 
threshold  sound  pressure  level  is  10  dB  more  sensitive  than  on  the 
old  ASA  scale.  For  details  of  the  conversion  procedures  to  be 
applied  at  each  frequency  see  ref.  1,  pp.  275-277. 

The  method  of  audiogram  classification  described 
by  Hirsh ^  involves  the  calculation  of  the  mean  hearing  level  for 
three  pure  tone  frequencies;  500,1000,  and  2000  Hz.  Three  cate¬ 
gories  are  defined.  Group  I  embraces  mean  hearing  levels  between 

30  dB  and  60  dB  (ISO).  Group  II  includes  those  with  mean  hearing 
levels  in  the  range  60  dB  to  90  dB  and  Group  III  contains  audiograms 
with  mean  hearing  levels  poorer  than  90  dB.  Typical  audiograms 
demonstrating  the  three  classes  are  shown  in  Figure  3.  In  most 
practical  situations  the  factor  which  distinguishes  Group  H  from 
Group  HI  is  the  question  of  whether  there  is  any  hearing  at  all  above 
1000  Hz.  Group  HI  audiograms  can  sometimes  be  further  subdivided 
into  those  that  have  some  high  frequency  hearing  from  those  that 
do  not. 
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Figure  3  -  Sample  audiograms  by  Hirsh  of  three  groups 
of  hearing-impaired  children 
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The  method  of  Risberg  and  Mcirtony  is  a  modification 
of  the  system  described  by  Wedenberg^  which  takes  into  consideration 
the  information  bearing  elements  in  the  acoustic  speech  signal,  the 
limit  between  hearing  and  vibration  in  the  low  frequency  range,  the 
intensity  of  the  speaker's  own  voice  and  finally  the  threshold  of  dis¬ 
comfort.  Risberg  and  M&rtony  have  examined  the  relationship 
between  these  factors  and  the  audiogram  and  have  developed  the 
classification  boundaries  shown  in  Figure  4.  The  frequency  range 
is  divided  into  two  bands;  125  Hz  to  1000  Hz  and  1500  Hz  to  6000  Hz. 

The  low  band  is  divided  into  five  intensity  regions  and  the  upper 
band  into  six  regions.  The  C  region,  for  example,  approaches  the 
limit  of  hearing.  Region  B,  however,  does  indicate  hearing.  A 
classification  B3  indicates  that  the  audiogram  is  in  the  region  "B" 
for  low  frequencies  and  "3"  for  high  frequencies. 

Speech  and  Language 

The  ability  to  speak  and  utilize  language  is  closely 
associated  with  hearing.  If  hearing  is  lost  after  learning  to  speak, 
speech  is  usually  retained,  but  it  is  often  subject  to  a  noticeable 
reduction  in  quality.  In  contrast,  the  congenitally  hearing  impaired 
child  cannot  autonomously  learn  to  speak  and  requires  special  train¬ 
ing.  The  acquisition  of  language  is  also  seriously  impeded.  Although 
there  is  much  controversy  as  to  the  extent  to  which  language  depends 
on  speech,  there  is  little  doubt  that  hearing  impaired  children  lag  be¬ 
hind  normal  children  in  their  use  of  language. 

The  distinction  between  speech  and  language  is  not 
easily  delineated.  In  the  brief  tutorial  exposition  to  follow,  speech 
is  defined  as  the  process  whereby  sounds  conforming  to  an  accepted 
code  are  produced  by  the  human  vocal  apparatus,  and  language  as 
the  manipulation  of  sound  patterns  (and  associated  written  symbols) 
for  the  purpose  of  conveying  meaning  according  to  a  system  of  rules. 

The  speech  process  involves  a  complex  interaction 
of  acoustic,  physiological  and  perceptual  mechanisms  ?.  The  acous¬ 
tics  of  speech  production  are  of  special  relevance  to  the  subject  mat¬ 
ter  of  this  conference  because  most  of  the  speech  analyzing  aids  dis¬ 
cussed  in  Chapter  3  operate  on  the  acoustic  speech  signal.  Figure  5 
shows  a  sketch  of  the  human  vocal  apparatus.  Air  from  the  lungs  is 
forced  through  the  larynx  into  the  mouth  and  nose  and  finally  escapes 
into  the  surrounding  acoustic  medium.  The  vocal  cords  are  situated 
roughly  in  the  middle  of  the  larynx.  The  region  above  the  larynx  con¬ 
sisting  of  the  pharynx,  nose,  mouth  and  lips  is  known  as  the  vocal 
tract. 
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4  —  An  illustration  of  the  classification  system 
by  Risberg  and  Martony  (Heavy  dotted  line 
indicates  a  C5  audiogram) 
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Figure  5  -  A  schematic  illustration  of  the  human  vocal 
apparatus  (after  Kenyon  and  Knott  ) 
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Voiced  sounds  are  produced  by  a  voluntary  tighten¬ 
ing  of  the  vocal  cords.  This  blocks  the  air  flow  through  the  larynx 
behind  which  the  air  pressure  increases.  Eventually,  the  vocal 
cords  fly  apart  releasing  a  puff  of  air  and  then  close  again.  It  is 
the  repetition  of  this  cycle  of  events,  many  times  each  second,  that 
propagates  into  the  vocal  tract  the  almost  periodic  trains  of  pulses 
which  give  rise  to  the  voiced  sound.  The  vocal  tract  is  effectively 
an  acoustic  enclosure  with  several  resonant  cavities  whose  shape 
and  size  can  be  changed  by  movements  of  the  articulators,  i.  e.  the 
jaw,  tongue,  teeth,  lips  and  velum.  The  velum  (Figure  5)  controls 
the  entrance  to  the  nasal  cavity.  The  resonances  of  the  vocal  tract 
concentrate  the  sound  output  into  compact  frequency  regions  known 
as  formants. 


Typical  vocal  tract  configurations  for  four  voiced 
sounds  (the  vowels  /i/,  '  /u/,  /a/,  and /a e/)  are  shown  in  Figure  6 
together  with  typical  power  spectrum  diagrams.  Each  power  spectrum 
envelope  (dashed  line)  reveals  the  formant  resonant  peaks  which  are 
also  indicated  by  numbers.  The  vertical  bars  are  the  harmonic  fre¬ 
quencies  of  the  larynx  vibrations.  For  further  information  on  the 
interrelationship  between  the  shape  of  the  vocal  tract  and  the  location 
of  the  formants,  the  reader  is  referred  to  the  text  by  Flanagan  9. 
Ladefoged  10  presents  a  good  introduction  to  the  subject. 

Voiceless  sounds  are  produced  by  relaxing  the  vocal 
cord  muscles  and  removing  the  obstruction  to  air  flow  through  the 
larynx.  At  some  later  point  in  the  vocal  tract,  however,  a  constric¬ 
tion  is  introduced  to  cause  turbulence  in  the  air  flow.  Sounds  pro¬ 
duced  in  this  way  have  the  characteristic  hiss  of  the  fricatives. 

A  third  basic  way  of  producing  speech  sounds  is  by 
plosion.  The  flow  of  air  through  the  vocal  tract  is  blocked  at  some 
point.  Pressure  builds  up.  The  air  block  is  suddenly  released 
causing  a  minor  acoustic  shock  wave.  Sounds  produced  in  this  way 
are  known  as  plosives.  These  sounds  can  be  voiced  or  voiceless  de¬ 
pending  on  the  action  of  the  vocal  cords  during  or  immediately  after  the 
air  block  is  released. 

*  Phonetic  symbols  are  used  when  referring  to  individual  sounds 
These  symbols  are  always  enclosed  between  two  vertical  slashes 
(e.  g.  111).  To  simplify  the  text,  however,  we  have  attempted  to 
minimize  the  use  of  phonetic  symbols  and  conventional  English 
spelling  is  used  when  referring  to  words  and  phrases. 
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Figure  6  -  Vocal  cord  tract  configurations  for  the  vowels 
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/a/  AS  IN  FATHER  /W  AS  IN  SAT 


All  speech  sounds,  whether  they  are  produced  by 
voicing,  frication,  plosion,  or  some  combination  of  these  mechanisms, 
are  modified  by  the  acoustic  characteristics  of  the  vocal  tract.  Thus, 
depending  on  the  shape  of  the  vocal  tract,  it  is  possible  to  have  sev¬ 
eral  different  sounds  for  each  method  of  production. 

Speech  sounds  can  be  classified  in  many  ways.  A 
common  method  of  classification  is  in  terms  of  the  phoneme  which 
is  the  smallest  distinctive  sound,  or  group  of  sounds,  that  operates 
analogously  in  a  language.  The  phonemes  of  General  American 
English  are  listed  in  Table  1. 

Phonemes  may  be  subdivided  into  two  broad  categories, 
vowels  and  consonants.  The  latter  category  may  be  further  subdivided 
into  plosives,  fricatives,  affricates,  nasals,  glides  and  laterals, 
depending  on  the  manner  in  which  the  sound  is  produced.  Plosives 
are  produced  by  a  temporary  blockage  of  the  vocal  tract  and  frica¬ 
tives  by  forming  a  narrow  constriction  to  cause  turbulence  in  the 
air  stream.  Affricates  are  a  special  group  of  sounds  composed  of  a 
plosive  and  a  fricative  pronounced  as  one  sound.  An  affricate  can 
occur  when  a  stop  is  released  relatively  slowly  into  a  fricative  which 
is  produced  in  the  same  area  of  the  mouth.  Nasals  are  similar  to 
plosives  in  as  much  as  the  air  path  through  the  mouth  is  blocked,  but 
in  this  case  the  velum  is  raised  allowing  air  to  escape  through  the 
nose.  The  glides  are  produced  by  changing  the  shape  of  the  vocal 
tract  from  an  initial  vowel-like  position  to  that  of  an  intended  vowel. 
The  lateral  /I /  is  produced  by  placing  the  tip  of  the  tongue  against 
the  upper  gum  ridge  with  the  sides  of  the  tongue  free  from  contact 
with  other  parts  of  the  mouth  so  air  is  allowed  to  flow  out  laterally. 

For  further  information  on  the  production  of  speech  sounds  see  the 
text  by  Bronstein^. 

It  is  sometimes  convenient  to  classify  phonemes  in 
terms  of  articulatory  features.  The  important  features  which  serve 
to  distinguish  one  consonant  from  another  are  the  manner  in  which 
the  sound  is  produced,  the  place  of  articulation  in  the  mouth,  and 
whether  or  not  there  is  voicing.  For  example,  the  consonants  /p/ 
and  /t/  are  both  voiceless  plosives,  but  differ  in  the  place  of  articu¬ 
lation;  i.  e.  / p/  is  produced  at  the  lips  and  /t /  just  behind  the  teeth. 

The  consonants  /n/,  /d / ,  and/z/  are  voiced  and  have  essentially  the 
same  place  of  articulation  but  differ  from  each  other  in  the  manner 
of  articulation.  The  consonants  /t /  and  /d/  have  the  same  place  and 
manner  of  articulation,  but  differ  in  voicing. 
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TABLE  1 


THE  PHONEMES  OF  AMERICAN  ENGLISH 

CONSONANTS 


Plosives 

Lateral 

/p/ 

as 

in 

pen 

A  / 

as 

in 

low 

/b/ 

as 

in 

bend 

VOWELS 

/t/ 

as 

in 

ten 

A  / 

as 

in 

seat 

/d/ 

as 

in 

den 

A  / 

as 

in 

sit 

A  / 

as 

in 

gate 

/e  / 

as 

in 

set 

A/ 

as 

in 

key 

h  / 

as 

in 

sat 

Fricatives 

/£/ 

as 

in 

fine 

/a/ 

as 

in 

half 

A  / 

as 

in 

vine 

/a/ 

as 

in 

calm 

/e/ 

as 

in 

thin 

A  / 

as 

in 

sought 

/6/ 

as 

in 

then 

/u  / 

as 

in 

foot 

A  / 

as 

in 

said 

Ax/ 

as 

in 

food 

A/ 

as 

in 

zero 

/©/ 

as 

in 

alone 

A/ 

as 

in 

shed 

/a/ 

as 

in 

shut 

A/ 

as 

in 

measure 

At  / 

as 

in 

mother 

A/ 

as 

in 

home 

/ 3*/ 

as 

in 

third 

Affricates 

AW 

as 

in 

child 

DIPHTHONGS 

/ti3  / 

as 

in 

jump 

Mi/ 

as 

in 

say 

Nasals 

/a  i  / 

as 

in 

sigh 

A/ 

as 

in 

men 

/an  / 

as 

in 

now 

A/ 

as 

in 

no 

An  / 

as 

in 

soap 

A  / 

as 

in 

sing 

/oi/ 

as 

in 

toy 

Glides 

A  / 

as 

in 

win 

/ju  / 

as 

in 

few 

A  / 

as 

in 

red 

A  / 

as 

in 

yes 
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Vowels  may  be  categorized  in  terms  of  tongue  position. 
The  vocal  tract  configurations  shown  in  Figure  6  represent  four  ex¬ 
treme  tongue  positions.  The  vowel  /i/,  as  in  seen,  is  a  high  front 
vowel  created  by  placing  the  arch  of  the  tongue  high  up  and  forward 
in  the  mouth  behind  the  teeth.  The  vowel  /u/,  as  in  soon,  is  a  high 
back  vowel  with  the  arch  of  the  tongue  placed  towards  the  hard  palate 
at  the  back  of  the  mouth.  The  vowel  / ae/,  as  in  sat  is  a  low  front 
vowel  with  the  tongue  located  in  the  front  of  the  mouth  but  kept  low 
behind  the  lower  teeth.  The  vowel  /a/,  as  in  father,  is  a  low  back 
vowel  with  the  blade  of  the  tongue  situated  down  low  at  the  back  of 
the  mouth.  Tongue  positions  for  the  other  vowels  are  less  extreme, 
tending  towards  the  mid- central  position.  A  special  case  is  the  schwa 
vowel  /a/,  as  in  the  first  syllable  of  alone,  where  the  articulators 
tend  toward  neutral  positions.  The  schwa  is  a  weak  vowel  that  is 
often  substituted  for  vowels  in  unstressed  syllables. 

Vowels  may  also  be  classified  according  to  whether 
they  are  checked  or  free.  The  latter  type  of  vowel  may  end  a  sylla¬ 
ble,  but  the  former  is  always  checked  by  a  consonant.  For  example, 
the  /I/  in  bit  is  a  checked  vowel,  but  the  free  vowel  /i /  can  occur 
with  or  without  a  terminating  consonant,  as  in  bee  or  beet.  Note  that 
the  positions  of  the  articulators  for  111  and  111  are  very  similar  and 
that  a  major  difference  between  these  two  vowels  is  their  relative 
duration,  the  free  vowel  being  the  longer. 

Free  vowels  tend  to  be  diphthongal.  That  is,  there  is 
a  gradual  drift  from  one  vowel  into  another,  as  in  the  word  see  where 
the  free  vowel  /i /  is  sometimes  produced  as  / Ii /.  Vowel  combina¬ 
tions  produced  in  this  way  and  used  consistently  in  a  language  as  a 
separate  phoneme  are  known  as  diphthongs,  such  as  the  /al/  in  sigh, 

/ aU/  in  how,  and  /ol/  in  boy. 

Although  the  sounds  of  speech  can  be  classified  into 
phonemes,  the  flow  of  speech  involves  more  than  simply  articulating 
a  string  of  such  units.  There  are  important  variations  in  the  pro¬ 
duction  of  a  phoneme  which  depend  on  its  relationship  to  neighboring 
phonemes  as  well  as  on  the  linguistic  structure  of  the  utterance. 

Speech  has  both  a  segmental  and  suprasegmental 
structure.  The  segmental  structure  refers  to  the  features  and 
characteristics  of  individual  phonemes.  The  suprasegmental 
structure  refers  to  those  features  and  characteristics  that  relate  to 
entire  phrases  and  sentences.  There  are  two  basic  groups  of  supra¬ 
segmental  characteristics;  those  that  directly  affect  the  meaning  of 
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what  is  said,  and  those  that  have  little  effect  on  meaning  but  relate 
primarily  to  that  elusive  property  known  as  voice  quality.  Factors 
that  affect  voice  quality  are  loudness,  average  pitch,  stridency, 
breathiness,  hoarseness,  and  nasality,  to  mention  a  few.  Although 
these  factors  may  not  affect  meaning  very  much,  they  do  convey  a  good 
deal  of  information  as  to  who  is  speaking,  the  physical  or  mental 
state  of  the  speaker,  and  other  intangibles  such  as  emotion  and 
feeling. 


The  key  suprasegmental  characteristics  which  affect 
meaning  directly  are  intonation,  stress,  rhythm  and  phrasing.  By 
intonation  is  meant  the  modulation  of  voice  pitch.  The  pitch'1'  of  the 
voice  is  determined  by  the  frequency  of  vibration  of  the  vocal  cords 
which  in  turn  are  controlled  by  their  tension  and  the  air  pressure 
developed  by  the  lungs.  Rhythm  refers  to  the  pattern  in  which  cer¬ 
tain  syllables  are  stressed  and  others  left  unstressed.  A  stressed 
syllable  is  one  that  is  spoken  in  such  a  way  as  to  make  it  perceptu¬ 
ally  more  prominent.  This  may  be  done  by  raising  the  pitch  of  the 
voice  or  by  increasing  the  duration  or  loudness  of  the  syllable. 

Usually  some  combination  of  these  factors  is  used. 

Phrasing  refers  to  the  process  whereby  words  are 
grouped  together  according  to  the  linguistic  structure  of  the  utterance. 
A  basic  unit  of  phrasing  is  the  sense  group,  a  group  of  one  or  more 
words  forming  a  distinct  linguistic  entity  such  as  a  phrase  or  a  clause. 
Several  sense  groups  may  be  linked  together  before  the  speaker  finds 
it  necessary  or  convenient  to  pause  and  inhale.  The  portion  of  an 
utterance  between  pauses  for  breath  is  known  as  a  breath  group. 

That  there  is  an  intimate  link  between  speech  and  lan¬ 
guage  is  obvious.  The  production  of  speech  sounds  in  context  depends 
on  the  linguistic  structure  and  meaning  of  what  is  said.  Similarly, 
the  acquisition  of  speech  is  closely  intertwined  with  the  acquisition 
of  language. 


It  is  convenient  to  think  of  language  as  being  made  up 
of  three  subsystems;  semantics,  syntax  and  phonology.  Semantics 


*  The  distinction  between  frequency  and  pitch  should  be  noted.  Fre¬ 
quency  is  a  physical  variable  whereas  pitch  is  a  subjective  audi¬ 
tory  percept.  Typically,  when  frequency  of  vibration  is  increased, 
an  increase  in  pitch  is  perceived.  Similarly,  loudness  is  the  per¬ 
ceptual  correlate  of  intensity. 
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relates  to  the  meaning  of  words,  syntax  to  the  way  in  which  words 
and  other  linguistic  units  are  organized,  and  phonology  to  the  link 
between  these  linguistic  units  and  the  sound  pattern  of  an  utterance. 

The  basic  building  block  of  language  is  the  morpheme. 

A  morpheme  is  the  smallest  unit  of  language  that  is  semantically 
distinct.  For  example,  the  word  foolishnes s  consists  of  three  mor¬ 
phemes  fool,  -ish,  and  -ness.  The  first  morpheme  fool  can  stand 
alone  as  an  independent  word.  The  step  by  step  addition  of  the  other 
two  morphemes  changes  this  word  to  foolish  and  to  foolishness. 

Certain  morphemes,  known  as  system -morphemes,  convey  concepts 
according  to  a  system  of  rules  (e.  g.  degrees  of  comparison  may  be 
conveyed  by  the  morphemes  -er  and  -est,  as  in  high,  higher,  highest). 
The  same  concept  may  also  be  conveyed  by  the  morphemes  more 
and  most  which  are  words  in  their  own  right.  In  English,  system- 
morphemes  convey  such  concepts  as  number,  tense,  definiteness, 
animateness,  possession,  and  comparative  size. 

Morphemes  are  linked  together  to  form  sentences 
according  to  rules  of  syntax.  Although  syntactic  rules  can  be  diffi¬ 
cult  to  specify  or  explain  (and  are  continually  being  revised  by  lingu¬ 
ists),  there  is  little  doubt  that  such  rules  exist  and  are  commonly 
used  by  native  speakers  of  a  language.  For  example,  the  sentence 
"I  am  well"  is  syntactically  correct,  but  the  morpheme  string  "I  is 
well"  contains  a  syntactic  error  which  is  obvious  to  most  native 
speakers  of  English.  Relatively  few  of  these  native  speakers,  how¬ 
ever,  would  be  able  to  explain  why  the  latter  morpheme  string  is 
incorrect  (i.  e.  ,  the  verb  to  be  is  irregular  and  the  form  for  the  first 
person  present  tense  is  am  and  not  is). 

Even  more  complex  than  syntactic  rules  are  rules  of 
phonology.  Phonological  rules  determine  the  sound  pattern  associ¬ 
ated  with  a  string  of  morphemes.  These  rules  take  into  consideration 
the  characteristics  of  the  individual  phonemes  corresponding  to  each 
morpheme,  the  interactions  between  phonemes,  and  the  pattern  of 
the  suprasegmental  features  corresponding  to  the  linguistic  structure 
of  the  morpheme  string. 

Space  does  not  permit  a  detailed  discussion  of  syn¬ 
tactic  or  phonological  rules.  The  point  to  be  stressed  is  that  there 
are  such  rules,  and  that  normal  children  acquire  a  working  know¬ 
ledge  of  these  rules  at  a  remarkably  early  age.  How  these  rules 
are  acquired  is  currently  a  subject  of  great  interest  For 

further  information  on  the  nature  of  syntactic  and  phonological  rules 
see  the  texts  by  Bolinger  ^  and  Langacker  ^ . 
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Speech  Production  by  Hearing  Impaired  Children 


Errors  or  deficiencies  in  the  production  of  speech  by- 
hearing  impaired  children  can  be  divided  into  two  major  categories: 
errors  affecting  intelligibility  and  errors  or  deficiencies  affecting 
voice  quality.  Each  of  these  groups  of  errors  can,  in  turn,  be  sub¬ 
divided  into  two  further  categories:  errors  of  articulation  involving 
individual  phonemes,  and  errors  involving  suprasegmental  charac¬ 
teristics  such  as  intonation,  stress,  rhythm,  and  phrasing. 

An  analysis  of  the  articulatory  errors  produced  by 
severely  hearing  impaired  children  by  Hudgins  and  Numbers  ^ 
showed  that  the  most  common  consonant  errors  are  omissions, 
substitutions,  and  insertions  of  adventitious  syllables.  Initial  con¬ 
sonants  are  particularly  prone  to  omissions,  as  are  individual 
members  of  a  consonant  cluster  and,  to  a  lesser  extent,  final  con¬ 
sonants.  The  most  commonly  made  confusions  are  between  voiced 
and  voiceless  consonants  (e.  g.  ,  pat  for  bat  or  vat  for  sat).  Confusions 
between  nasals  and  plosives  are  also  fairly  common  (e.  g.  ,  mat 
for  bat  or  bat  for  ban).  Other  consonantal  substitutions  such  as  /u/ 
or  /I /  for  /r/  and  / 0 /  or  IS /  for  / s/  also  o  ccur  quite  often.  Ad¬ 
ventitious  sounds  are  frequently  inserted  between  members  of  a 
consonant  cluster  or  between  abutting  consonants;  e.  g.  ,  sunow  for 
snow  or  flag-u-pole  for  flagpole,  respectively. 

The  most  common  vowel  errors  are  found  to  be  sub¬ 
stitutions  involving  diphthongs  and  the  neutralization  of  vowels.  The 
most  common  substitutions  tend  to  occur  among  the  central  vowels 
(e.  g.  ton  for  ten).  In  cases  of  neutralization  the  vowel  is  replaced 
by  an  unstressed  schwa-like  vowel  of  short  duration  (e.  g.  /bat/  for 
beet).  Errors  involving  diphthongs  may  be  of  several  types: 

(a)  The  diphthong  is  split,  (e.  g.  da-ee  for  day). 

(b)  One  of  the  components  of  the  diphthong,  usually  the  final 
member,  is  dropped,  (e.  g.  found  becomes  fond). 

(c)  A  diphthong  is  made  out  of  a  simple  vowel,  (e.  g.  ha 
becomes  how). 

Most  of  the  errors  listed  above  involve  incorrect  movements  of 
the  articulators.  The  linking  together  of  successive  phonemes  is  par¬ 
ticularly  prone  to  error  whether  it  be  consonant  clusters,  abutting 
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consonants  between  syllables,  con  sonant -vow  el  or  vowel- consonant 
transitions,  or  the  components  of  a  diphthong.  Those  errors  of  ar¬ 
ticulation  that  do  not  involve  movement  of  the  articulators  also  tend 
to  be  less  severe  because  they  lead  primarily  to  substitutions  rather 
than  to  unidentifiable,  inarticulate  sounds. 

Perhaps  the  most  noticeable  feature  of  deaf  speech,  however, 
is  the  severity  of  suprasegmental  errors.  Intonation  is  frequently 
flat  and  monotonous,  rhythm  is  either  lacking  or  incorrect  and  phrasing 
can  be  completely  inaccurate.  Deaf  speakers  as  a  rule  produce 
sounds  inefficiently  and  have  to  pause  for  breath  more  frequently. 

They  also  tend  to  speak  more  slowly  and  the  combination  of  these 
factors  gives  rise  to  short  breath  groups  encompassing  only  a  few 
words  at  a  time.  In  addition,  hearing  impaired  speakers  also  tend 
to  have  difficulties  with  voice  quality.  Some  typical  problems  are 
an  average  pitch  either  too  high  or  too  low,  breathiness,  harshness 
and  nasality.  Although  voice  quality  may  have  a  secondary  effect  on 
meaning,  an  unpleasant  or  abnormal  voice  may  nevertheless  be  an 
important  psychological  impediment  to  communication.  For  further 
information  on  the  speech  of  hearing  impaired  children,  see  the  mono¬ 
graph  edited  by  Connor^. 

From  this  brief  review  it  should  be  clear  that  the  er¬ 
rors  in  deaf  speech  which  require  correction  are  varied  and  complex. 

The  provision  or  augmentation  of  sensory  feedback,  allowing  the 
speaker  to  monitor  and  evaluate  his  articulatory  output,  is  clearly 
desirable  and  is  the  objective  of  all  speech  analyzing  aids.  In  order 
to  develop  better  techniques  and  instruments  for  improving  the 
speech  of  deaf  children,  it  is  necessary  to  have  a  basic  understanding 
of  the  mechanisms  of  speech  production  as  well  as  a  knowledge  of  how 
deaf  children  tend  to  deviate  from  children  with  normal  hearing.  Al¬ 
though  our  knowledge  of  the  deaf  speaker  is  far  from  complete,  we 
can  at  least  point  to  several  major  distinctive  characteristics.  There 
is  still  much  we  need  to  know.  How  consistent  is  the  deaf  speaker 
in  his  articulatory  habits?  To  what  extent  are  there  consistent  error 
patterns  in  the  speech  of  the  deaf,  and  how  are  these  related  to  degree 
of  hearing  loss?  Which  errors  are  deeply  ingrained  and  which  are 
most  amenable  to  correction?  Research  on  the  speech  of  the  deaf 
is  growing,  and  with  time  we  may  be  able  to  answer  some  of  these 
questions.  Of  greater  importance,  the  acquisition  of  new  knowledge 
may  yet  spawn  novel  and  better  techniques  for  improving  the  speech 
of  the  deaf. 
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The  Deaf  Population 


The  most  recent  sample  survey  on  the  characteristics 
of  persons  in  the  general  population  with  impaired  hearing  was  pub¬ 
lished  in  1967  and  contained  data  gathered  during  the  year  July  1962  - 
June  1963  18.  The  sample  included  about  42,  000  households  contain¬ 
ing  134,  000  persons.  It  should  be  borne  in  mind  that  extrapolations 
which  are  made  to  yield  estimated  totals  of  hearing  impaired  persons 
in  a  United  States  population  of  200  million  are  subject  to  certain 
sampling  errors.  Nevertheless,  they  do  represent  the  best  estimates 
available  at  the  present  time. 

The  data  indicate  that  there  are  8.  5  million  people 
who  possess  auditory  handicaps  of  sufficient  severity  to  impair 
their  social  efficiency,  and  over  900,  000  who  cannot  hear  and  under¬ 
stand  spoken  words  without  the  use  of  a  hearing  aid. 

Approximately  80  percent  of  those  persons  with  a 
binaural  hearing  loss  are  45  years  of  age  or  older,  and  55  percent 
are  65  years  of  age  or  older.  The  incidence  of  binaural  hearing 
loss  is  apparently  higher  for  males  than  for  females  in  all  age  groups, 
and  this  difference  increases  with  age.  Compared  with  the  popula¬ 
tion  at  large,  the  same  proportion  of  hearing  impaired  people  be¬ 
tween  the  ages  of  17  and  45  years  were  found  to  have  received  nine 
years  of  schooling.  However,  a  significantly  smaller  proportion  of 
the  hearing  impaired  received  at  least  one  year  of  college  education. 
Despite  this  indication  that  persons  with  impaired  hearing  have  low¬ 
er  educational  attainment  levels  than  the  general  population,  auditory 
defects  cannot  be  regarded  as  being  the  sole  cause.  Health,  social 
and  economic  differences  must  also  be  considered  to  be  contributory 
factors. 


Many  deaf  people  have  additional  handicaps.  For  ex¬ 
ample,  more  than  200,  000  persons  with  binaural  hearing  loss  were 
reported  to  have  visual  impairments  so  severe  as  to  prevent  them 
from  reading  newsprint  even  when  wearing  eyeglasses. 

In  many  cases  the  ability  of  a  person  to  hear  can  be 
improved  by  a  hearing  aid.  However,  the  average  cost  of  a  hearing 
aid  is  between  $300  and  $400,  by  no  means  a  negligible  sum  to  those 
with  low  incomes.  In  fact  55  percent  of  the  more  than  four  million 
persons  with  binaural  hearing  loss  have  family  incomes  of  less  than 
$4,  000,  and  the  proportion  of  hearing  aid  users  is  found  to  be  directly 
related  to  income.  The  survey  indicated  that  only  22  percent  of  the 
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population  with  binaural  deficits  currently  use  hearing  aids.  Seventy 
percent  of  those  sampled  had  never  used  an  aid,  while  the  remain¬ 
ing  eight  percent  had  been  former  users 

Owing  to  the  very  broad  age  groups  into  which  the 
National  Health  Survey  data  were  tabulated,  no  clear  picture  emerged 
of  the  characteristics  of  the  very  young  and  school  age  children 
with  hearing  losses.  A  valuable  start  in  the  direction  of  filling  this 
void  has  begun  with  the  initial  publication  (by  the  Office  of  Demo¬ 
graphic  Studies,  Gallaudet  College  in  1969  and  1970)  of  data  from  its 
annual  survey  of  hearing  impaired  children  and  youth  19.  Approxi¬ 
mately  25,  000  of  the  estimated  50,  000  hearing  impaired  children 
enrolled  in  special  education  programs  in  the  United  States  were 
surveyed  during  the  1968-69  school  year.  Of  those  surveyed,  45 
percent  were  females  and  55  percent  were  males.  Approximately 
5  0  percent  of  the  students  had  auditory  thresholds  at  85  dB  and 
above.  A  further  40  percent  had  thresholds  in  the  range  40-84  dB, 
while  most  of  the  remainder  lay  between  10  and  39  dB.  Nearly  58 
percent  of  all  students  were  singly  handicapped,  and  18  percent  were 
reported  as  having  one  additional  handicap  which  was  most  frequently 
described  as  mental  retardation.  An  examination  of  the  age  of  onset 
of  hearing  loss  revealed  that  about  74  percent  had  been  deaf  from 
birth.  For  17  percent,  onset  had  been  placed  at  under  three  years 
of  age  and  for  the  remainder  at  three  years  of  age  and  over.  The 
annual  survey  of  hearing  impaired  children  is  a  continuing  program 
which  should  yield  much  critical  data  needed  in  planning  for  the  treat¬ 
ment  and  educational  resources  required  to  cope  with  the  problem  of 
childhood  deafness.  To  date  it  has  focused  upon  those  children  who 
benefit  from  special  education  programs.  Planned  for  the  future  are 
studies  of  hearing  impaired  children  who  do  not  receive  special  edu¬ 
cational  attention  and  whose  deficits  are  either  known  or  have  not 
been  previously  identified.  The  results  of  this  survey  can  be  ex¬ 
pected  to  increase  in  value  as  it  becomes  more  comprehensive. 

The  critical  role  of  hearing  in  the  development  of  lan¬ 
guage  and  the  production  of  speech  is  well  established.  However, 
data  on  the  prevalence  of  speech  disorders  and  their  relationship 
to  hearing  defects  are  extremely  sparse.  Much  of  the  most  recent 
data  in  existence  were  reported  to  the  American  Speech  and  Hearing 
Association  (ASHA)  Committee  on  the  White  House  Midcentury  Con¬ 
ference  and  published  nearly  twenty  years  ago^.  Carhart  etal.^ 
have  attempted  to  revise  these  data  and,  in  a  report  to  the  council 
of  the  National  Institute  of  Neurological  Diseases  and  Stroke,  have 
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concluded  that  one  million  people  of  all  ages  have  both  impaired 
hearing  and  a  speech  defect.  In  the  age  group  5-21  years,  the 
number  of  people  affected  is  believed  to  be  about  250,  000.  The 
annual  direct  cost  to  the  nation  for  the  education,  management  and 
compensation  of  the  hearing  impaired  was  estimated  to  be  over  $400 
million.  Carhart  et  al.  concluded  that  the  total  loss  in  earning  power 
due  to  hearing  disorders  came  to  an  estimated  $1.  2  billion  annually. 
Thus  the  nation  is  paying  a  grand  total  exceeding  $1.  6  billion  as  a 
result  of  hearing  defects  in  its  population. 

The  Role  of  Education  and  Technology 

The  amelioration  of  the  effects  of  deafness  is  a 
goal  worthy  of  the  best  talent  and  effort  our  country  can  bring  to 
bear.  A  major  key  to  effective  action  lies  with  the  hearing  im¬ 
paired  child  who  has  the  potential  in  most  cases  for  self  supporting 
adulthood  if  his  condition  is  diagnosed,  he  is  provided  with  an  ap¬ 
propriate  aid,  and  he  is  given  the  necessary  educational  training 
at  an  early  age. 

Modern  technology  provides  a  variety  of  actual  or 
potential  sensory  aids  for  the  deaf.  The  operating  principles 
are  either  to  give  as  much  useful  sound  amplification  as  possible, 
employing  whatever  residual  hearing  the  deaf  may  have,  or  to  de¬ 
tect  and  transform  certain  acoustic  features  into  signals  in  other 
areas  of  the  auditory  spectrum  or  into  other  sensory  modalities. 

Most  authorities  agree,  however,  that  the  complete  absence  of 
auditory  response  among  the  deaf  population  is  decidedly  rare. 

There  appears  to  be  irrefutable  evidence  that  a  more  widespread 
deployment  of  hearing  aids  among  the  hearing  impaired,  particu¬ 
larly  young  children,  is  desirable  and  that  the  use  of  conventional 
hearing  aids  could  make  a  considerably  greater  contribution  toward 
alleviating  the  burdens  of  deafness  than  they  make  at  present. 
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CHAPTER  1 


THE  KEYNOTE  ADDRESS 


Introduction 


Dr.  Franklin  Cooper,  President  and  Research 
Director  of  Haskins  Laboratories,  New  Haven,  Connecticut,  pro¬ 
vided  some  provocative  observations  and  opinions  which  stimulated 
a  wide-ranging  discussion.  Not  unexpectedly,  he  was  the  first  to 
give  expression  to  a  number  of  knotty  problems  which  surfaced  re¬ 
peatedly  throughout  the  conference. 

Mr.  Cooper  began  by  comparing  the  communication 
loss  due  to  deafness  with  that  due  to  blindness.  Blindness,  he  said, 
primarily  hinders  communication  with  the  environment  while  deaf¬ 
ness  hinders  communication  with  people.  Considering  the  enormous 
importance  of  social  contact  to  the  individual,  it  is  readily  apparent 
that  people  who  work  on  communication  for  the  deaf  have  the  more 
important  problem.  His  main  point  was  that  the  primary  problems 
of  deafness  are  not  problems  of  devices,  gadgets,  or  teaching  tech¬ 
niques  but  rather  problems  of  how  to  help  a  deaf  person  communicate. 

Mr.  Cooper  then  distinguished  three  aspects  of  deaf¬ 
ness  on  the  basis  of  onset  time  and  severity.  The  first  was  mild 
deafness  acquired  by  an  adult  and  capable  of  correction  with  a 
hearing  aid.  The  second  was  severe  deafness,  again  developed 
during  adult  life  but  not  significantly  corrected  by  amplification  and 
therefore  forcing  the  victim  to  lipread  and  depend  upon  written  lan¬ 
guage.  The  third  case  was  the  congenitally  deaf,  or  very  young  ad¬ 
ventitiously  deaf  child  who  had  not  yet  acquired  language  and  was 
faced  with  this  formidable  task.  The  major  handicap  of  such  a 
child  might  be  viewed  as  being  the  lack  of  adequate  feedback,  but 
Mr.  Cooper  pointed  out  that  although  the  theorem  that  feedback  is 
important  to  speech  production  would  be  hardly  challenged,  this 
does  not  imply  that  any  feedback  is  sufficient  or  that  all  feedback 
is  equivalent. 


Speech  production  and  speech  perception,  he  said, 
have  no  strict  parallels  in  the  production  and  reception  of  written 
language.  They  are  not  co-equal.  Rather,  written  language  is 
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parasitic  upon  spoken  language.  Moreover  the  generation  and  re¬ 
ception  of  speech  are  not  separate  processes  but  exist  in  a  common 
domain  having  a  deep  and  complex  structure.  This  emerges  from 
evidence  which  indicates  that  speech  production  and  perception  and, 
by  implication,  language,  are  linked  very  closely  to  auditory -motor 
phenomena.  Drawing  an  analogy  with  a  computer,  Mr.  Cooper  sug¬ 
gested  that  destruction  of  the  input-output  equipment  of  the  language 
computer  implied  damage  to  the  mainframe  as  well.  This  was  the 
real  depth  of  the  problem  confronting  the  deaf  child;  he  must  some¬ 
how  learn  to  manipulate  the  language  system  without  some  of  the 
essential  machinery  and  he  must  deal  with  the  parasite  when  he 
does  not  have  the  host. 

Mr.  Cooper  then  turned  for  a  moment  to  consider 
the  implications.  First  it  was  obvious  that  if  so  much  rides  on  the 
acquisition  of  language  and  if  language  is  biologically  tied  to  hear¬ 
ing,  then  it  certainly  is  essential  that  every  possible  use  should  be 
made  of  residual  hearing.  Second,  if  the  auditory  decoder  is  linked 
to  the  kinds  of  sounds  that  are  normally  produced  in  speech,  then 
the  theoretical  underpinnings  of  frequency  transposition  devices 
are  certainly  called  into  question.  Third,  citing  a  paper  by 
Liberman  et  al  ,  Mr.  Cooper  reminded  the  audience  that  speech  is  not 
a  cipher  but  a  code  --  not  a  successive  sequence  of  sounds  but  a 
continuous  stream  of  parallel  messages.  This  implies  that  train¬ 
ing  in  articulation  must  be  training  in  the  production  of  gestures  of 
the  right  size  for  language.  Mr.  Cooper  posed  the  question:  "What 
is  the  right  size?  Is  it  a  syllable?  Certainly  it  is  not  a  phoneme.  " 

On  the  subject  of  seeking  alternative  media  of  com¬ 
munication,  Mr.  Cooper  began  by  questioning  whether  there  was 
another  sensory  motor  loop  that  could  be  made  to  substitute  to  some 
degree  for  the  productive-receptive  motor  -  sensory  loop  of  speech. 

Sign  language  might  fill  this  role  if  it  is  truly  a  language.  He 
thought  that  the  question  certainly  deserved  study,  although  he 
realized  that  the  answer  had  both  social  as  well  as  theoretical  ram¬ 
ifications.  An  alternative  approach  was  the  provision  of  devices 
which  could  provide  feedback  via  other  sensory  systems.  Among 
these  devices  he  included  pitch,  loudness  and  duration  indicators 
but  indicated  that  they  could,  by  no  means,  be  considered  to  be 
totally  adequate. 

Looking  toward  the  future  for  more  satisfactory 
answers,  Mr.  Cooper  ended  his  address  on  a  speculative  note.  He 
pointed  out  that  speech  synthesis  was  not  too  difficult  a  task  to  per¬ 
form  with  a  computer  and,  with  the  advent  of  microelectronics. 
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it  was  possible  to  enclose  the  necessary  circuitry  within  a  small 
hand- sized  unit.  The  device  could  be  driven  from  a  stenotype 
keyboard.  On  the  topic  of  speech  reception,  Mr.  Cooper  quickly 
dismissed  speech  spectrograms  as  a  useful  vehicle  for  decoding 
speech,  but  expressed  guarded  optimism  that  at  some  time  in  the 
future  (although  not  the  immediate  future),  speech  recognition  sys¬ 
tems  would  provide  a  means  of  converting  the  acoustic  message 
into  a  readable  cutaneous  or  visible  code, 
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DISCUSSION 


Mr.  Nye  asked  if  Mr.  Cooper  was  implying  that  if 
a  strongly  coupled  loop  such  as  the  speech  production-reception 
loop  were  disabled  before  language  had  been  developed,  then  it 
could  never  be  adequately  closed  by  a  component  of  some  other 
sensory  loop;  for  example,  the  visual-motor  loop.  Mr.  Cooper 
replied  that  he  certainly  had  not  intended  to  go  that  far  but  admitted 
that  the  possibility  exists.  However,  the  question  was  one  for  ex¬ 
periment  and  not  for  dictum. 

Mr.  Hirsh  pursued  the  question  further  by  expres¬ 
sing  the  suspicion  that  if  all  proprioceptive  feedback  from  muscle 
stretch  receptors  were  removed,  it  would  not  be  possible  to  learn 
to  walk  by  utilizing  visual  feedback  alone.  He  suggested  that  if 
this  were  so,  the  failure  may  be  due  to  the  fact  that  the  eye  does 
not  preserve  time  relationships  very  well  and  therefore  is  a  poor 
substitute  element  in  the  loop.  The  eye  may  fail  as  an  element  in 
the  speech  loop  for  the  same  reason.  He  conjectured  that  experi¬ 
ment  might  reveal  that  the  cutaneous  sense  has  the  necessary  tem¬ 
poral  resolution  which  would  suggest  that  the  tactile  modality  might 
be  more  effective  in  completing  the  speech  reception  channel.  Mr. 
Cooper  agreed  that  this  was  probably  so.  It  was  certainly  indicated 
by  the  fact  that  some  people  could  perceive  speech  by  manual  con¬ 
tact  with  the  lips,  nose  and  throat  of  the  speaker.  The  technique 
provides  information  about  the  major  gestures  of  articulation  and 
so  the  feedback  is  essentially  motor  in  origin.  Mr.  Mann  cast  his 
vote  with  Mr.  Hirsh  and  agreed  that  locomotion  with  purely  visual 
feedback  would  pose  an  absolutely  formidable  problem. 

Mr.  Denes,  however,  was  less  convinced  about  the 
unsuitability  of  visual  displays  and  pointed  out  that  if  one  approached 
the  speech  spectrogram  with  a  willingness  to  look  at  the  simpler 
aspects  of  the  display  and  not  attempt  to  recognize  phonemes  then 
it  can  be  shown  to  be  quite  useful.  For  example,  it  is  very  good 
at  displaying  pitch.  Mr.  Cooper  countered  with  the  point  that  there 
are  much  simpler  devices  which  display  pitch  equally  well.  It  so 
happens  that  pitch  is  one  articulatory  parameter  which  emerges 
well  from  a  speech  spectrogram.  Almost  all  the  others  lie  hidden. 
Mr.  Denes  persisted  in  his  advocacy  of  visual  displays  and  asked 
if  anyone  had  actually  done  an  experiment  to  determine  just  how 
well  one  can  teach  intonation  by  visual  transformations  of  pitch. 
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Mr.  Ling  wryly  pointed  out  that  virtually  every  teacher 
uses  a  pitch  indicator  --his  eyebrows.  Raised  and  lowered  eyebrows 
provide  a  tremendously  powerful  visual  transform  which  works. 
However  the  most  detailed  response  came  from  Mr.  Boothroyd  who 
reported  that  he  had  used  an  electronic  pitch  analyzer  with  children. 
First  the  teacher  pronounced  "ah"  and  the  child  copied  with  "un¬ 
canny"  accuracy.  However,  Mr.  Boothroyd  likened  the  difference 
between  the  adjustment  of  pitch  and  the  articulation  of  intelligible 
speech  to  the  difference  between  being  able  to  play  every  note  on  a 
piano  and  playing  a  Beethoven  Sonata.  He  also  expressed  an  in¬ 
clination  toward  Mr.  Hirsh's  views  on  the  superiority  of  tactile 
feedback  but  acknowledged  that  the  whole  question  was  highly 
uncertain. 


Mr.  Mann  then  introduced  the  question  of  whether  a 
child,  when  he  learns  speech,  utilizes  articulatory  information  ob¬ 
tained  by  visual  observation.  Mr.  Levitt  replied  that  visual  cues 
are  not  essential  and  pointed  out  that  blind  children  have  little  dif¬ 
ficulty  in  learning  speech.  However,  as  Mr.  Lowell  and  Mr.  Kopra 
pointed  out,  listening  and  looking  scores  achieved  by  normal  adults 
are  superior  to  either  listening  or  looking  scores  alone-*-.  A  similar 
synergistic  effect  is  demonstrable  with  people  having  a  hearing  im¬ 
pairment  2. 


Mr.  House  attempted  to  explore  Mr.  Cooper's 
parasite-host  model  and  inquired  whether  there  was  any  evidence 
which  suggests  that  reading  can  be  taught  very  early  to  deaf  chil¬ 
dren  or  that  writing  had  been  used  successfully  to  teach  language. 

In  reply,  Mr.  Ling  recalled  an  article  by  Alexander  Graham  Bell  ^ 
in  which  the  author  described  how  he  had  taught  a  child  an  extremely 
complex  language  by  covering  a  blackboard  dozens  of  times  a  day 
with  written  material.  Mr.  Ling  expressed  the  view  that  this  could 
not  be  done  with  a  very  young  child  but  that  it  was  possible  at  the 
age  of  five.  He  thought  that  Bell's  data  did  not  appear  to  support 
the  parasite-host  model.  However,  Miss  Mulholland  added  that 
there  was  no  evidence  that  children  who  had  been  brought  up  on 
manual  communication  (and  had  therefore  presumably  established 
the  host)  were  necessarily  able  to  become  successful  readers  at 
an  earlier  age. 


Miss  Miller  reminded  the  audience  that  Thompson^ 
had  reported  in  1927  that  deaf  children  could  be  taught  to  read  with¬ 
out  having  to  read  orally.  Several  studies  have  been  conducted  since 
that  time  and  a  number  of  children  have  learned  to  read  well  with 
very  poor  oral  output.  Miss  Miller  thought  that  the  degree  to  which 
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their  attempts  to  produce  oral  gestures  may  have  facilitated  the 
speech  loop  was  worthy  of  study. 

Mr.  Liberman  took  issue  with  Mr.  Ling's  conclu¬ 
sion  and  stated  that  if  it  were  easy  to  teach  profoundly  deaf  children 
then  presumably  this  conference  would  not  be  necessary.  He  thought 
that  there  was  no  question  that  the  processes  of  reading  and  writing 
are  parasitic  on  speech.  Speaking  and  listening  are  universal  skills 
among  humans  while  those  of  reading  and  writing  are  rare.  Fewer 
than  half  the  languages  in  the  world  exist  in  any  written  form.  Even 
in  societies  like  our  own  which  place  a  high  premium  on  literacy, 

20  percent  of  normally  hearing  school  children  cannot  learn  to  read 
and  write.  The  alphabet,  which  at  least  from  our  point  of  view  is 
the  most  efficient  way  of  reading  and  writing,  is  so  unnatural  bio¬ 
logically  that  it  has  been  invented  only  once  in  the  whole  history  of 
man.  Mr.  Liberman  could  not  accept  the  notion  that  there  are  two 
co-equal  methods  of  communicating  language.  Both  speech/listen¬ 
ing  and  reading /writing  are  vehicles  for  conveying  language,  he 
said,  but  each  operates  in  a  completely  different  way. 

Mr.  Silverman  hastened  to  add  that  while  he  agreed 
with  Mr.  Liberman's  declaration  that  deaf  children  are  more  dif¬ 
ficult  to  teach  reading  skills  than  are  normal  children,  he  wished 
to  dispell  any  possible  impression  which  Mr.  Liberman  may  have 
left  that  deaf  children  cannot  be  taught  to  be  good  readers.  Many 
read  well  enough  to  pursue  graduate  studies  and  many  talk  well. 

It  might  be  extremely  profitable  to  thoroughly  analyze  precisely 
what  aspects  of  their  educational  experience,  environment  or  per¬ 
sonality  may  have  led  to  their  success. 

Miss  Simmons  drew  the  discussion  toward  the  ques¬ 
tion  of  utilizing  the  remaining  auditory  capacity.  She  asked  if  the 
acoustic  waveform  were  recoded,  whether  it  could  be  passed 
through  a  minimum  auditory  bandwidth  of  125-250  Hz.  Mr.  Cooper 
thought  that  a  machine  could  certainly  be  built  to  receive  the  re¬ 
coded  signal  but  whether  the  human  being  is  flexible  enough  to  adapt 
to  the  signal  was  a  question  he  could  not  answer.  Mr.  Murphy  was 
also  in  favor  of  making  maximum  use  of  residual  auditory  skills. 

In  support  of  this  view,  he  drew  attention  to  the  fact  that  the  hear¬ 
ing  impaired  child  very  commonly  suffers  from  a  quite  serious 
modification  of  other  perceptual  functions.  Thus,  to  try  to  trans¬ 
literate  from  one  perceptual  function  to  the  other  and  to  assume 
that  we  are  dealing  with  a  unique  single  sense  disability  is  perhaps 
to  ignore  some  basic  problems  about  which  very  little  is  known. 


NEW  YORK,  iW  luull 


Mr.  Weed  suggested  that  the  brain  could  be  regarded 
as  being  a  complex  computer  with  a  number  of  inputs.  These  inputs 
are  equipped  with  filters  to  prevent  the  computer  from  being  over¬ 
loaded.  The  eye  with  its  large  number  of  channels  may,  in  fact, 
be  better  than  the  ear  at  the  task  of  selecting  the  most  significant 
elements  of  a  signal.  That  this  superiority  of  the  eye  is  not  obvious 
may  be  due  to  the  characteristics  of  its  built-in  filters.  Mr.  Cooper 
agreed  that  vision  may  be  useful  as  a  subsitute  channel,  but  the 
question  of  how  the  information  is  coded  was  absolutely  crucial. 
"Appropriateness  and  simplicity  are  the  two  touchstones.  "  Mr. 

Denes  agreed  with  that  order  of  priority,  but  Mr.  Murphy  said  he 
would  insert  function  first,  for  he  was  still  not  convinced  that  the 
visual  function  was  adequate  for  the  reasons  he  had  stated  earlier. 

Both  Mr.  Goodhill  and  Mr.  Ling  opposed  what  they 
detected  as  a  tendency  to  discuss  The  Deaf  Child  when  in  fact  deaf¬ 
ness  took  on  many  forms.  Mr.  Boothroyd  did  not  share  the  extreme 
point  of  view  of  these  speakers  but  took  their  remarks  as  his  cue 
to  make  two  observations.  His  first  point  expressed  the  need  to 
distinguish  those  who  have  sufficient  residual  hearing  to  make  aug¬ 
mentation  worthwhile  from  those  who  have  so  little  usable  sensi¬ 
tivity  that  devices  providing  transformations  to  other  modalities 
should  be  employed.  Second,  he  suggested  that  in  both  cases  work 
should  begin,  not  with  a  device  whose  utility  must  be  evaluated,  but 
by  doing  the  harder  job  of  looking  at  the  perceptual  characteristics 
of  the  hearing  impaired  child  and  finding  out  what  are  the  capacities 
of  the  sensory  modalities  and  what  kinds  of  information  are  required. 

Mr.  Flanagan  expressed  his  surprise  at  the  divided 
opinions  on  the  speech-language  relationship.  Before  we  rush  off 
and  design  new  aids  for  teaching  articulation,  he  said,  we  really 
ought  to  know  how  important  speech  skill  is  to  language  acquisition. 

Mr.  Ling  saw  a  more  practical  issue  at  stake;  namely, 
the  need  to  equip  deaf  children  with  the  ability  to  communicate  in  a 
world  where  speech  is  the  general  means  of  communication.  Hence 
speech  was  needed  over  and  above  its  putative  involvement  in  lan¬ 
guage  acquisition. 

Mr.  Flanagan  raised  the  following  questions.  Assuming 
that  a  person  had  been  trained  with  an  articulation  aid,  what  is  the 
degree  of  retention  (i.  e.  how  often  would  the  individual  need  to  be 
retrained  with  the  device)  and  what  is  the  degree  of  transfer  (i.  e.  the 
improvement  in  performance  on  material  not  previously  used  during 
training)?  Mr.  Ling  acknowledged  the  importance  of  these  questions 


-  32  - 


which  he  thought  merited  immediate  research  because  the  answers 
were  not  available.  He  indicated  that  over-learning  (learning  not 
merely  to  the  point  where  a  task  can  be  done  correctly  but  to  the 
point  where  one  cannot  make  a  mistake)  was  very  important.  Having 
reported  some  evidence  indicating  that  deaf  children  do  not  readily 
transfer  skills  between  two  very  similar  tasks,  Mr.  Ling  suggested 
that  improved  transference  may  be  possible  under  an  appropriately 
structured  training  program. 

Mr.  Denes  confirmed  that  adults  who  become  deaf 
lose  speech  clarity  and  therefore  continuous  retraining  of  the  young 
deaf  child  would  appear  to  be  unavoidable  because  proprioceptive 
feedback  is  not  an  adequate  substitute  for  visual  or  auditory  feed¬ 
back.  Mr.  Murphy  underlined  the  latter  point  with  the  comment 
that  deaf  people  who  use  vibrators  to  monitor  the  loudness  of  their 
voices  fail  to  establish  an  internal  monitoring  system  and  will 
soon  talk  very  loudly  or  shout  if  the  vibrator  is  removed. 

However,  Mr.  Boothroyd  warned  that  the  deaf  per¬ 
son  becomes  addicted  to  the  vibrator.  If  the  speaker  is  to  make 
proper  use  of  proprioceptive  feedback,  then  he  must  be  trained  to 
do  so.  Mr.  Boothroyd  reported  that  his  students  had  successfully 
acquired  proprioceptive  control  over  a  number  of  pitch  patterns 
following  the  use  of  a  visible  pitch  display. 

With  respect  to  both  retention  and  transfer,  Mr. 

Levitt  reported  that  with  a  group  of  children  who  had  been  trained  on  / s / 
and  Ijl  sounds'",  transfer  had  been  achieved  with  some  children. 

Six  months  later,  those  children  who  had  earlier  shown  an  improve¬ 
ment  were  found  to  be  producing  sounds  of  a  measurably  lower 
quality  but,  nevertheless,  better  than  they  had  been  making  prior 
to  training.  The  measure  of  quality  depended  upon  a  classification 
of  the  errors.  "Omissions  and  substitutions"  were  at  the  bottom 
of  the  scale.  The  remaining  scale  categories  included  "severe 
error,"  "distinguishable  although  erroneous,"  and  "error  free." 

Dr.  Silverman  considered  the  problems  of  transfer 
from  the  deaf  child's  point  of  view.  If  the  child  makes  a  statement 
which  is  not  understood  and  is  asked  "What  did  you  say?  "  it  is  dif¬ 
ficult  for  him  to  reach  into  the  utterance  and  identify  what  has 
caused  him  to  be  unintelligible.  The  ability  to  monitor  or  identify 
one's  own  utterance  is  a  very  important  element  in  the  development 
of  transfer  skills. 


*  This  study  was  performed  at  the  Lexington  School  for  the  Deaf 
using  a  visual  fricative  indicator* 
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Mr.  Fellendorf  added  that  the  person  being  spoken 
to  is  a  powerful  positive  reinforcer,  and,  for  a  child,  this  implies 
that  the  home  environment  and  the  attitudes  and  interests  of  the 
parents  have  an  important  influence  on  the  communication  skills 
which  the  child  eventually  achieves. 

Mr.  Pickett  enlivened  the  discussion  by  reempha¬ 
sizing  what  he  regarded  as  being  Mr.  Cooper's  main  point.  The 
discussion  had  somehow  drifted  toward  the  examination  of  trees, 
and  Mr.  Pickett  sought  to  bring  the  forest  clearly  back  into  view. 
The  main  point,  he  said,  was  that  to  the  maximum  extent  possible, 
language  training  of  deaf  children  should  fit  what  we  know  about 
the  structure  of  language.  In  Mr.  Pickett's  view  much  of  the  dis¬ 
cussion  had  not  made  the  point  as  strongly  as  it  should  have  been 
made.  Mr.  Pickett  acknowledged  that  in  many  cases  in  the  educa¬ 
tion  of  deaf  children  and  in  the  improvement  of  their  language  we 
cannot  proceed  in  a  natural  manner  because  of  the  deafness. 
Nevertheless,  Mr.  Pickett  believed  that  at  all  stages  in  the  appli¬ 
cation  of  language  training  of  the  deaf  we  should  attempt  to  model 
methods  as  closely  as  possible  on  what  we  know  about  natural 
language  forms. 


REFERENCES 

1.  Sumby,  W.  H.  and  Pollack,  I,  "Visual  Contribution  to  Speech 

Intelligibility  in  Noise,  "  J.  Acoust.  Soc.  Amer.  ,  26  (1954)  pp. 
212-215.  ‘  — 

2.  O'Neill,  J.  J.  ,  The  Hard  of  Hearing,  Foundations  of  Speech 
Pathology  Series,  Englewood  Cliffs,  New  Jersey,  Prentice 
Hall,  Inc.  (1964). 

3.  Bell,  A.  G.  ,  "Teaching  Language  to  a  Young  Deaf  Child," 
Volta  Rev.  ,  41  (1939)  pp.  437-441.  (Reprinted  from  Am.  Ann. 
Deaf,  April  1883). 

4.  Thompson,  H.  ,  "Proc.  of  the  13th  Conference  of  Superinten¬ 
dents  and  Principals  of  American  Schools  for  the  Deaf,  "  Am. 
Ann,  Deaf,  72  (1927)  pp.  230-235. 


-  34  - 


CHAPTER  2 


CONVENTIONAL  HEARING  AIDS 


Introduction 


Dr.  Daniel  Ling,  Director  of  the  School  of  Human 
Communication  Disorders,  McGill  University,  Montreal,  Canada, 
presented  an  excellent  and  wide  ranging  overview  of  research  ac- 

si/ 

tivity  in  the  field  of  conventional  hearing  aids.  The  full  paper'1', 
on  which  his  address  was  based,  was  circulated  at  the  conference 
and  has  since  appeared  in  the  Volta  Review^.  The  following  is  an 
abridged  version  of  this  paper  with  due  emphasis  placed  on  the  two 
major  areas  considered  at  the  conference;  namely,  basic  research 
problems  and  immediate  engineering  needs. 

Basic  Research  Problems 

In  Mr.  Ling's  view  the  immediate  problems  are 
principally  audiological  rather  than  engineering  in  nature.  There 
is  a  need  to  define  how,  and  to  what  extent,  the  electro-acoustic 
properties  of  hearing  aids  relate  to  the  hearing  impaired  listener's 
ability  to  discriminate  and  understand  amplified  speech.  Many  of 
these  problems  were  posed  in  the  earliest  systematic  attempts  to 
define  design  objectives  for  hearing  aids,  namely  those  undertaken 
simultaneously  at  Harvard^  and  in  Britain  The  results  of  the 
two  studies  were  similar.  Both  showed  that  the  majority  of  subjects 
responded  best  to  phonetically  balanced  (PB)  words  amplified  using 
a  flat  or  rising  frequency  response  over  the  range  300-3000  Hz,  and 
that  amplification  which  "mirrored"  the  shape  of  the  audiogram  gen¬ 
erally  yielded  poor  responses.  Results  of  recent  work  by  Knight  4 
and  by  Jerger  and  Thelin  ^  support  these  findings.  Reddell  and 
Calvert  6,  however,  found  that  subjects  having  audiograms  sloping 
at  more  than  10  dB /octave  benefited  to  a  small  extent  from  ampli¬ 
fication  which  mirrored  the  audiograms. 

The  Harvard  group  emphasized  the  generally  poor 
test-retest  reliability  of  subjects  for  PB  words  and  discussed 

*  Staff  who  assisted  in  the  preparation  of  the  paper  were  supported 
by  Canadian  Health  Grant  No.  604-7-725. 
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alternative  speech  tests  in  detail.  Nevertheless,  using  PB  lists 
they  were  able  to  show  valid  relationships  between  subjects' 
scores  and  the  output  characteristics  of  their  amplifying  system 
(a  master  hearing  aid).  But  marked  differences  in  frequency  re¬ 
sponse  characteristics  generally  yielded  only  slight  differences 
in  subjects'  performance.  Sentences  degraded  by  various  forms 
of  distortion  ,  synthetic  sentences  approximating  English 
multiple- choice  sentence  completion  against  competing  speech  9, 
and  nonsense  syllables  apparently  yield  scores  which  more 
effectively  reflect  the  electro-acoustic  characteristics  of  aids. 
Whether  any  of  these  various  tests  can  result  in  performance  dif¬ 
ferences  indicating  the  best  characteristics  for  a  particular  hearing 
aid  user  is  still  a  matter  of  controversy. 

A  closely  allied  problem  is  the  reliability  of  hearing 
aid  selection  procedures.  Most  clinicians  contend  that  it  is  possi¬ 
ble  not  only  to  specify  the  gain  and  output  requirements  for  indiv¬ 
idual  subjects,  but  to  determine  what  frequency  response  charac¬ 
teristics  best  meet  the  particular  needs  of  difficult  cases  ^  (usually 
on  the  basis  of  speech  reception  thresholds  and  PB  lists  of  25  words 
in  quiet  and  in  noise).  Yet,  Shore,  Bilger  and  Hirsh ^  demonstrated 
through  a  study  of  repeated  measures  that  such  procedures  lacked 
reliability.  These  findings  are  supported  by  the  results  of  studies 
by  ZerlinlZ  and  by  Jerger,  Malmquist  and  Speaks  Both  Carhart^ 
and  Ewartson^  point  out  that  lists  of  25  words  are  too  short  to 
ensure  reliability.  The  implication  is  that  longer  PB  lists  yield 
more  reliable  results.  Evidence  supporting  this  implication  has 
been  provided  by  McConnell,  Silber  and  McDonald^. 

An  important  basic  problem  is  that  of  individual 
differences.  Most  studies  of  hearing  aid  response  in  relation  to 
speech  discrimination  have  employed  groups  of  subjects  classified 
on  the  basis  of  type  of  deafness  or  pure  tone  audiogram  configura¬ 
tion.  But  the  needs  of  individuals  cannot  be  more  than  suggested 
with  reference  to  results  for  groups  thus  classified.  Neither  eti¬ 
ology  nor  audiogram  configuration  can  adequately  indicate  the 
quality  of  hearing  at  supra-threshold  levels.  This  was  recognized 
by  Thompson  and  Lassman^  who  grouped  their  subjects  according 
to  the  amount  of  cochlear  distortion  present  at  the  hearing  levels 
selected  for  presenting  their  speech  discrimination  tests.  Group 
studies  have  demonstrated  certain  relationships  between  hearing 
aid  characteristics  and  each  new  speech  test  of  hearing.  In  general 
they  have  confirmed  the  design  objectives  specified  by  earlier 
workers,  but  the  idea  persists  that  certain  subjects'  performance 
can  be  improved  by  other  than  high  fidelity  amplification.  There 
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are  but  few  reports  on  individual  subjects  whose  needs  have  been 
rigorously  studied.  The  presbycusic  patient  of  Miller  and 
Niemoeller  ^  serves  as  a  rare  example.  Results  of  this  study 
confirmed  design  objectives  specified  by  Davis  et  al.  ^  though  none 
of  the  response  characteristics  that  were  tried  led  to  perfect  scores. 
It  was  noted,  however,  that  communication  could  be  improved  con¬ 
siderably  by  the  use  of  a  hearing  aid,  particularly  when  the  patient 
was  able  to  lipread,  a  point  also  demonstrated  by  Ewing  and  by- 
Dodds  and  Harford Individual  studies  may  reveal  a  number  of 
subjects  for  whom  hearing  aids  provide  little  or  no  help,  even  as 
a  supplement  to  lipreading,  because  their  defective  audition  is 
characterized  by  discrimination  deficits  21  or  distortion  ^2. 

One  possible  way  to  determine  how  far  individuals  can  benefit  from 
amplification  would  be  to  analyze  erroneous  as  well  as  correct  re¬ 
sponses  and  systematically  attempt  to  compensate  for  particular 
discrimination  deficits.  Some  work  on  error  responses  has  been 

0-500 

done  with  groups  but  as  far  as  Mr.  Ling  was  aware,  such 

data  have  not  been  used  to  generate  theory  in  relation  to  hearing 
aid  design. 

Binaural  versus  Monaural  Hearing  Aids 

Mr.  Ling  briefly  reviewed  the  controversy  regard¬ 
ing  the  relative  advantages  of  the  binaural  over  the  monaural  hear¬ 
ing  aids  29-39#  jqe  feit  that  much  of  this  work  was  brought  into 
perspective  by  Harris  ^0  who  suggested  that  most  of  the  workers 
denying  significant  advantage  for  binaural  hearing  had  either  used 
insensitive  speech  tests,  failed  to  take  head  shadow  or  body  baffle 
effects  into  account,  had  not  sufficiently  considered  the  relative 
contribution  of  speech  and  noise  sources  or  had  otherwise  planned 
experimental  conditions  inappropriately.  Some  of  these  points  had 
been  raised  fifteen  years  earlier  in  a  theoretical  paper  by  Hirsh 
Most  workers  would  now  agree  with  the  position  taken  by  Hirsh  ^ 
that  patients  should,  if  possible,  not  only  use  head  level  aids  so  that 
the  microphone  can  move  with  the  head  but  be  equipped  binaurally. 
Recent  experiments  by  Dirks  and  Wilson^*  ^  support  this  position. 

While  the  general  value  of  binaural  hearing  aids  may 
now  be  accepted,  several  problems  remain.  We  do  not  know  ex¬ 
actly  why  binaural  aids  yield  generally  superior  performance. 
Interaural  summation  effects  are  small,  tend  to  decrease  with 
frequency,  and  give  way  to  interaural  inhibition  with  decrease  in 
the  S/N  ratio.  ^  Ability  to  localize  with  hearing  aids  can  be 

*  Signal-to-noise  ratio 
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demonstrated  with  some,  but  not  all  patients  ^ ^ .  The  largest 
advantages  seem  to  stem  from  the  noise  squelch  effect  ^  and  re¬ 
lease  from  head  shadow  or  body  baffle  effect,  both  of  which  are 
facilitated  when  the  aid  is  free  to  move  with  the  head.  A  question¬ 
naire  survey  by  Dirks  and  Carhart^  showed  that  the  circumstances 
for  which  binaural  listeners  tended  to  report  particularly  advan¬ 
tageous  performance  were  not  particularly  noisy.  This  survey  also 
showed  that  successful  users  of  binaural  aids  were  those  committed 
to  the  belief  that  two  ears  were  better  than  one. 

As  Harris  ^0  has  pointed  out,  the  binaural  listening 
mode  can  degrade  speech  intelligibility.  Where  marked  differences 
in  threshold  existed  among  his  hearing  impaired  subjects,  he  showed 
the  binaural  mode  to  be  significantly  worse  (p  <  .  05)  than  the  V-cord 
to  the  better  ear,  a  condition  exploited  in  the  CROS*  hearing  aid^8# 
Harris'  results  were  obtained  when  output  was  adjusted  for  each  ear 
according  to  hearing  level.  Thus  there  is  clearly  need  for  further 
study  on  the  relationship  between  monaural/binaural  speech  intel¬ 
ligibility  and  differences  between  ears  in  terms  of  hearing  levels, 
supra-threshold  measures  and  relative  output  from  the  two  aids. 
These  studies  would  be  of  particular  clinical  importance  since 
many  patients  find  adjustments  of  binaural  aids  a  difficult  process 

Hearing  aids  for  children  provide  a  new  set  of  basic 
problems.  Response  characteristics  in  relation  to  speech  tests 
have  received  little  attention  because  the  speech  development  of 
hearing  impaired  children  is  often  retarded,  and  few  appropriate 
tests  have  been  developed.  Hearing  aid  selection  procedures  for 
children  are  often  haphazard  and  must  sometimes  be  undertaken 
on  inadequate  audiological  data.  Body-worn  hearing  aids  are  too 
often  used,  and  the  possible  advantages  of  head  level  aids  are 
ignored. 


More  experimental  work,  particularly  with  binaural 
and  head-worn  aids,  is  required  with  children.  Rosenzweig49  con¬ 
firmed  that  at  the  auditory  cortex  of  both  cerebral  hemispheres, 
each  ear  is  represented  by  a  population  of  cortical  units,  that  the 
population  representing  the  contralateral  ear  is  larger  than  that 
for  the  ipsilateral  ear,  and  that  the  two  populations  overlap.  Such 
work  suggests  that  binaural  hearing  should  be  advantageous,  parti¬ 
cularly  to  the  child  developing  language.  A.  H.  Ling  found  se¬ 
verely  hearing  impaired  children  with  symmetrical  loss  generally 

*  Contralateral  Routing  Of  Signal;  feeding  from  a  microphone  on 
one  side  of  the  head  to  the  ear  on  the  opposite  side. 
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unable  to  reproduce  more  than  one  member  of  a  pair  in  a  dichotic 
digits  task31'  3  .  This  finding  suggests  that  children  born  with  a 
hearing  loss  may  not  function  in  the  same  way  as  subjects  with 
adventitious  deafness  and  that  results  obtained  for  adults  cannot 
necessarily  be  generalized  to  children.  Additional  variables  in 
the  study  of  hearing  aids  for  hearing  impaired  children  such  as 
a  limited  response  repertoire,  restricted  language  development, 
abnormal  coding  and  memory  processes  ^  call  for  considerable 
ingenuity  in  research  design. 

Engineering  Needs 

Despite  the  many  basic  problems  and  uncertainties 
outlined  above,  Mr.  Ling  was  able  to  specify  a  number  of  impor¬ 
tant  engineering  needs  for  the  immediate  future.  These  include 
smoother  frequency  response  curves  that  lead  to  better  transient 
response  54^  reduction  of  harmonic  distortion  ^ *  55-57^  aids  with 
more  robust  physical  characteristics,  and  the  design  of  a  coupler 
with  appropriate  damping  that  more  nearly  represents  the  meatus 

With  respect  to  harmonic  distortion,  Jerger,  Speaks 
and  Malmquist^,  in  experiments  with  normal  and  hard  of  hearing 
subjects,  showed  that  the  aids  were  mostly  ranked  in  inverse  pro¬ 
portion  to  percent  harmonic  distortion  regardless  of  type,  degree, 
or  configuration  of  hearing  loss.  The  rankings  were  made  in  terms 
of  scores  for  multiple -choice  sentence  completion  tests. 

With  respect  to  the  frequency  range  of  the  hearing 
aid.  Ling ^9* 60  showed  that  extending  the  frequency  response  be¬ 
low  300  Hz  for  profoundly  deaf  children  yielded  superior  results 
for  audibility  of  stress,  syllabic  structure,  voice  pitch  and  voiced 
phonemes,  and  for  the  discrimination  of  vowels.  Jerger  and  Thelin  ^ 
using  their  technique  of  Synthetic  Sentence  Identification  (SSI) 
showed  that  frequency  range  (bandwidth  above  or  below  1000  Hz) 
was  less  important  to  hearing  impaired  than  to  normal  listeners. 
Although  bandwidth  below  1000  Hz  was  significantly  and  positively 
correlated  with  SSI  scores  for  normal  listeners  and  for  hearing 
impaired  subjects  with  flat  audiograms,  there  was  no  significant 
relationship  for  subjects  with  sloping  audiograms. 

Results  relating  to  frequency  range  of  aids  are 
clearly  test  dependent.  The  tests  used  by  Ling,  for  example, 
sampled  mainly  supra- segmental  features  and  low-frequency  for¬ 
mants  which  were  not  available  to  the  subjects  using  regular  (300- 
3000  Hz)  aids.  In  some  instances  extended  low-frequency  response 
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may  be  a  disadvantage  on  account  of  upward  spread  of  masking  ^1. 

There  is  a  major  need  at  the  present  time  for  the 
engineering  development  of  better  earmolds.  Often  the  properties 
of  the  earmold  assume  critical  importance  in  the  individual  fitting 
of  a  hearing  aid.  The  acoustic  performance  of  earmolds  has  been 
studied  over  many  years  62-67^  an(j  there  is  increasing  evidence 
that  acoustic  modifications  of  the  amplified  output  produced  by  the 
earmold  can  be  reflected  in  performance  of  subjects  on  speech 
tests  68-73 , 19#  The  performance  differences  significantly  favor 
vented  and  open  molds  for  subjects  with  sloping  audiograms  and  mild 
overall  hearing  loss.  Subjects  fitted  with  vented  molds,  when 
compared  with  those  using  unvented  molds,  have  been  shown  to  dis¬ 
criminate  speech  more  effectively  against  a  background  of  noise 

Earmold  technology  apparently  is  not  yet  at  a  satis¬ 
factory  stage  since  poorly  fitting  molds  still  prevent  the  more  se¬ 
verely  deaf  subjects  from  wearing  head-worn  aids,  and  many  sub¬ 
jects  who  have  high-gain,  body -worn  instruments  experience  acous¬ 
tic  feedback. 


Many  hearing  aids  incorporate  peak  clipping,  linear, 
or  curvilinear  compression,  principally  to  prevent  output  beyond  a 
subject's  threshold  of  tolerance  or  loudness  discomfort  level  (LDL). 
Whereas  the  Harvard  group  found  that  this  threshold  tended  to  rise 
and  stabilize  with  training,  recent  work  by  Schmitz  1  found  the  LDL 
to  be  relatively  stable.  Much  of  the  work  on  automatic  volume  con¬ 
trol  (AVC)  in  hearing  aids  has  been  prompted  by  the  findings  of  the 
Harvard  group  that  most  of  their  subjects'  scores  were  improved 
by  peak  clipping  and,  to  a  greater  extent,  by  volume  compression. 
However,  subsequent  experimental  evidence  relating  to  the  effects 
of  compression  amplification  on  speech  discrimination  by  hearing 
aid  users  has  been  conflicting  . 

Hearing  aids  with  compression  do  not  protect  against 
exceeding  the  LDL  unless  they  have  very  short  attack  times.  Also, 
in  many  instruments  the  compression  range  is  quite  limited  and 
permits  considerable  harmonic  distortion  to  occur.  Yet,  if  the 
compression  range  is  large  and  the  limiting  level  low,  attack  and 
recovery  on  running  speech  may  cause  AYC  flutter,  which  can  be 
quite  distracting.  Present  compression  or  peak- clipping  aids  may 
be  disadvantageous  when  speech  levels  in  noise  are  low.  But  in 
quiet  and  at  speech  levels  where  compression  occurs,  relatively 
large  changes  in  input  make  little  difference  to  output,  and  the 
overall  result  can  be  beneficial.  Much  depends  on  the  subject  and 
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the  conditions  under  which  the  aid  is  to  be  worn.  The  implications 
here  are  two-fold:  further  research  on  volume  limitation  is  re¬ 
quired  and,  in  selection  of  an  aid,  it  is  necessary  to  consider  the 
environment  in  which  the  individual  functions.  Whether  aids  in 
which  AVC  can  be  switched  in  or  out  have  merit  may  depend  largely 
on  the  subject's  dexterity. 

Loop  induction  systems  78,79  present  special  engi¬ 
neering  problems  that  need  to  be  considered.  Induction  systems 
have  many  potential  sources  of  distortion  in  addition  to  those 
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which  are  intrinsic  to  the  hearing  aidou'  .  Nevertheless,  induc¬ 
tion  has  important  applications  in  hearing  aid  use,  and  the  need  for 
further  work  on  speech  reception  in  relation  to  induction  is 
indicated 


Hearing  aids  for  children  present  some  additional 
engineering  problems.  Robust  physical  characteristics  assume 
considerable  importance  and  problems  pertaining  to  earmolds 
abound.  They  include  the  possibility  of  damage  to  the  ear  from 
the  hard  plastic  insert,  the  difficulty  of  maintaining  a  good  fit  to 
an  ear  which  grows  rapidly  at  particular  stages,  and  the  difficulty 
of  obtaining  good  impressions  of  small  ears. 

Programmed  Instruction 

One  additional  research  area  touched  on  by  Mr.  Ling 
was  that  of  auditory  training  and  programmed  instruction.  A  sub¬ 
ject's  performance  may  improve  or  otherwise  change  with  experi¬ 
ence  in  particular  listening  situations.  This  observation  has  led 
several  workers  to  stress  the  need  to  allow  for  practice  effects  in 
auditory  tests  ®3,  Nevertheless,  only  a  few  studies  have 

systematically  employed  training  procedures  in  hearing  aid  evalu¬ 
ation.  In  those  that  have  some  form  of  logic  controlled 

programmed  instruction  has  been  applied.  Programmed  Instruc¬ 
tion  (P.  I.  )  appears  to  be  particularly  appropriate  not  only  in  hear¬ 
ing  aid  evaluation,  but  in  a  wider  range  of  hearing  tests  ^  and 
in  auditory  training  procedures.  Recent  work  by  Doehring  and 
Ling  has  suggested  that  P.  I.  can  be  used  effectively  in  teaching 
natural  vowel  discrimination  to  hearing  impaired  listeners.  This 
study  suggested  many  possibilities  for  further  research.  There 
has  been  relatively  little  experimental  work  on  the  development 
of  auditory  perceptual  skills  either  with  normal  or  hearing  impaired 
children.  Knowledge  relating  to  auditory  training  is,  accordingly, 
limited,  and  research  opportunities  abound  in  this  area. 
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In  summarizing  research  needs,  Mr.  Ling  concluded 
that  the  engineering  problems  which  presently  arise  seem  essenti¬ 
ally  due  to  the  conflict  between  two  goals:  high  fidelity  and  the  pro¬ 
duction  of  robust,  miniaturized  instruments.  Further  definition  of 
objectives  in  hearing  aid  design,  particularly  in  relation  to  individ¬ 
ual  fitting,  requires  the  solution  of  several  audiological  problems. 
These  include  the  development  of  more  adequate  speech  tests  of 
hearing,  improved  clinical  procedures,  futher  study  of  frequency 
range,  and  intensive  study  of  individual  subject’s  overall  perfor¬ 
mance  including  error  responses.  Satisfactory  earmolds  for  patients 
with  severe  hearing  loss  have  yet  to  be  developed.  Additional  study 
of  peak  clipping  and  compression  is  required,  and  many  problems 
still  remain  in  relation  to  binaural  hearing. 

Perhaps  the  most  challenging  areas  are  those  con¬ 
cerning  the  provision  of  hearing  aids  for  children  and  consequent 
auditory  training  procedures,  many  of  which  might  be  carried  out 
using  programmed  instruction. 
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DISCUSSION 


The  initial  discussion  centered  on  two  major  issues, 
binaural  aids  and  optimal  frequency  response  curves  for  hearing 
aids.  Later,  attention  turned  to  other  topics  such  as  the  low- 
frequency  transposer  and  the  Guberina  method. 

There  appeared  to  be  little  disagreement  with  Mr. 
Ling's  listing  of  immediate  engineering  needs.  In  particular,  the 
need  for  low  distortion,  physical  robustness  and  smooth  frequency 
response  curves  (to  eliminate  "ringing"  caused  by  transient  or  im¬ 
pulsive  sounds)  were  reiterated  by  a  number  of  conferees.  An  ad¬ 
ditional  item  to  the  list  was  suggested  by  Mr.  Miller  who  recom¬ 
mended  the  development  of  directional  microphones  for  hearing  aids. 
These  would  help  the  user  under  difficult  listening  conditions  such 
as  those  found  in  a  reverberant  room  or  when  several  voices  are 
heard  simultaneously. 

With  respect  to  the  binaural-monaural  controversy, 
Mr.  Lybarger  pointed  out  that  the  Federal  Trade  Commission 
(FTC)  had  taken  the  stand  in  a  complaint  issued  against  a  group  of 
hearing  aid  dealers.  The  FTC  contends  that  contrary  to  the  respon¬ 
dents'  representations  in  advertising,  use  of  two  of  their  hearing  aids 
(one  in  each  ear)  for  those  suffering  from  a  hearing  disability  of 
both  ears  will  not,  in  most  instances,  be  more  beneficial  than  the 
use  of  one  ■*■.  Mr.  Lybarger,  however,  strongly  believed  that  the  bi¬ 
naural  aid  is  superior  to  the  monaural  aid  for  the  majority  of  per¬ 
sons  with  bilateral  losses.  Mr.  Hirsh  also  favored  the  binaural 
aid.  He  reminded  the  audience  that  Harris  ^  and  others  were  con¬ 
cerned  with  imbalance  between  the  thresholds  for  the  two  ears.  Mr. 
Hirsh  felt  that  this  imbalance  became  less  of  a  problem  as  the  sig¬ 
nal  strength  reaching  the  two  ears  increased.  Although  admitting 
that  not  everybody  shared  his  view,  Mr.  Hirsh  argued  that  the  prin¬ 
cipal  advantage  afforded  by  binaural  listening  was  the  ability  to 
achieve  better  discrimination  of  speech  in  noise  by  providing  the 
opportunity  to  localize  the  sound  source.  Since,  when  the  intensity 
level  is  high,  auditory  localization  is  much  more  dependent  on  the 
time  relations  than  the  intensity  relations  between  signals  at  the 
ears,  any  imbalance  in  hearing  loss  between  the  two  ears  is  of 
secondary  importance.  Mr.  Hirsh  pointed  out  that  the  elevation  of 
the  microphone  to  the  level  of  the  head  constituted  one  of  the  primary 
advantages  of  the  binaural  aid.  The  addition  of  a  second  microphone 
on  the  other  side  of  the  head  provides  a  secondary  advantage  almost 
as  large  as  the  first. 
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On  the  question  of  what  is  the  optimum  frequency 
response,  Mr.  Ling  discussed  the  potential  gains  to  be  made  by  ex¬ 
tending  the  frequency  response  well  below  the  usual  low-frequency 
cut-off  of  300  Hz.  Mr.  Ling  prefaced  his  remarks  by  noting  that 
there  was  still  a  tremendous  need  for  further  research  to  evaluate 
the  benefits  of  the  low-frequency  range,  but  nevertheless  he  be¬ 
lieved  that  an  extension  of  the  response  down  to  100  Hz  was  an  excellent 
idea.  It  had  been  found  to  work  well  with  profoundly  deaf  children 
possessing  little  or  no  residual  hearing  above  1000  Hz  .  Mr.  Ling 
pointed  out,  however,  that  it  did  not  necessarily  follow  that  an  ex¬ 
tension  of  the  frequency  response  well  below  100  Hz  would  result  in 
even  better  performance.  In  some  unpublished  work  he  had  found 
that  there  was  not  much  value  in  amplifying  frequencies  below  the 
fundamental  of  the  male  voice.  Amplification  of  frequencies  below 
100  Hz  presented  serious  noise  problems.  For  example,  ambient 
room  noise  can  occur  at  a  level  some  50  dB  higher  at  50  Hz  than 
that  at  5000  Hz.  High-level  low-frequency  noise  can  have  a  substan¬ 
tial  effect  on  speech  intelligibility  because  of  the  upward  spread  of 
masking  Mr.  Ling  was  careful  to  differentiate  between  an  ex¬ 
tended  low-frequency  response,  which  corresponds  to  a  slope  of 
6dB /octave  down  to  100  Hz,  and  a  low-frequency  emphasis  which  may 
consist  of  a  40  dB  boost  in  gain  at  a  frequency  of  100  Hz.  The  latter 
creates  serious  feedback  problems  if  there  is  some  acoustic  leakage. 
However,  even  if  the  earmold  fits  well  and  there  is  no  leakage  at 
low  frequencies,  Davis  et  al  f  have  shown  that  low  frequency  empha¬ 
sis  does  not  help  because  the  signal  in  this  region  of  the  spectrum 
causes  a  substantial  amount  of  masking. 

Mr.  Denes  reminded  the  audience  that  the  Harvard 
and  the  British  Medical  Research  Council  reports  were  published 
nearly  twenty-five  years  ago,  and  since  then  no  really  new  infor¬ 
mation  which  could  help  to  improve  hearing  aid  design  has  come  to 
light.  In  his  view,  one  of  the  reasons  for  the  lack  of  progress  is 
that  we  have  given  too  little  attention  to  classifying  deafness  and  too 
much  attention  to  such  engineering  aspects  of  hearing  aid  design  as 
the  frequency  response.  We  still  tend  to  classify  deafness  merely  in 
accordance  with  the  shape  of  the  audiogram.  To  some  extent  re¬ 
cruitment  is  acknowledged  in  classifying  deafness,  but  not  much 
attention  has  been  given  to  how  the  hearing  abilities  of  deaf  people 
differ  from  those  of  normal  people.  For  example,  their  time  re¬ 
sponse  may  be  different  or  their  language  processing  ability  may 
be  different.  Mr.  Denes  therefore  concluded  that  an  important 
part  of  hearing  aid  research  should  be  concerned  with  defining  classes 
of  deafness. 
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In  reply  Mr.  Ling  stated  that  his  paper  was  addressed 
primarily  to  the  more  immediate  problems  of  hearing  aid  design. 
However,  as  he  had  indicated  at  the  outset,  he  did  not  think  that  the 
greatest  problems  lay  in  the  sphere  of  engineering.  With  respect 
to  the  long-term  view,  he  was  essentially  in  agreement  with  Mr. 
Denes.  He  reiterated  his  belief  that  the  immediate  problems  lie  in 
defining  what  electroacoustic  characteristics,  or  range  of  charac¬ 
teristics  are  required  of  hearing  aids.  Regarding  the  frequency 
response  of  hearing  aids,  Mr.  Ling  felt  that  we  still  know  too  little 
about  the  matter  and  that  we  need  to  do  much  more  research. 

Mr.  Flanagan  then  raised  the  question  of  how  the 
hearing  aid  response  should  be  tailored  to  best  meet  the  needs  of 
the  user.  Should  the  frequency  response  be  matched  to  the  audio- 
gram  and  should  the  dynamic  range  be  frequency  dependent  so  as 
to  take  into  account  effects  such  as  recruitment?  Mr.  Boothroyd 
drew  attention  to  the  fact  that  although  there  had  been  a  good  deal 
of  work  on  the  problem  of  tailoring  the  frequency  response,  some 
researchers  have  concluded  that  it  does  not  make  any  difference, 

C 

or  that  it  may  even  make  matters  worse  .  In  view  of  the  complexity 
of  such  processes  as  recruitment,  Mr.  Denes  was  skeptical  of  pro¬ 
cedures  for  matching  either  the  threshold  and  dynamic  range  or 
audiogram. 


Mr.  Lybarger  pointed  out  that  in  practice  the  tailor¬ 
ing  of  the  dynamic  range  is  an  everyday  occurence  and  that  it  has 
to  be  done  in  a  hearing  aid  to  make  it  an  acceptable  device.  Pri  - 
marily  the  tailoring  is  designed  to  eliminate  uncomfortably  loud 
sounds  by  limiting  the  peak  output  to  meet  the  tolerance  limit  of  the 
individual.  There  are  additional  techniques  in  use  that  attempt  to 
relate  the  hearing  aid  frequency  response  to  the  most  comfortable 
loudness  level  rather  than  the  threshold  level  of  the  individual. 

The  attention  of  the  conferees  now  turned  to  two  new 
issues  which  were  raised  by  Mr.  Hirsh.  First,  he  agreed  that  the 
low-frequency  response  of  hearing  aids  should  be  extended.  How¬ 
ever,  he  suggested  that  this  should  be  done  primarily  for  the  pur¬ 
pose  of  eventually  incorporating  some  form  of  frequency  transposi¬ 
tion  or  low-frequency  coding  within  the  band  rather  than  for  the 
direct  amplification  of  the  low-frequency  sounds.  Second,  he  won¬ 
dered  whether  it  was  necessarily  a  good  idea  to  present  the  entire 
frequency  spectrum  to  a  hearing  impaired  child,  rather  than  selec¬ 
tively  filtering  out  certain  sections  of  the  spectrum.  In  this  way 
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one  could  attempt  to  focus  the  child's  attention  on  particular  features 
of  the  acoustic  signal  thereby  helping  the  child  to  learn  to  discrimi¬ 
nate  sounds. 


With  respect  to  the  suggestion  of  some  form  of  fre¬ 
quency  transposition  or  coding  system,  Mr.  Ling  replied  that  he 
had  been  engaged  in  research  on  these  devices  tor  a  number  of  years. 
The  results,  he  said,  were  not  very  encouraging.  For  example,  in 
one  experiment  designed  to  evaluate  Johansson's  coding  amplifier,  ^ 
he  found  that  children  trained  with  the  coding  amplifier  improved 
significantly,  but  also  so  did  a  similar  group  of  children  trained  with 
a  conventional  amplifier.  The  improvement  was  due  therefore  pri¬ 
marily  to  the  additional  training  rather  than  to  the  use  of  a  special 
amplifier.  In  another  experiment^,  a  Vocoder  was  used  which 
transposed  sounds  from  the  2000-3000  Hz  down  into  the  750-1000  Hz 
range.  The  location  of  the  latter  range  was  selected  so  as  to  avoid 
superimposing  the  transposed  sound  on  the  low-frequency  spectrum, 
but  rather  to  add  to  it.  The  results,  however,  were  negative. 

In  a  third  experiment,  Mr.  Ling  used  a  binaural 
system  in  which  sounds  in  the  range  between  70  Hz  and  700  Hz  were 
fed  to  one  ear  and  sounds  from  1000  Hz  to  4000  Hz  were  transposed 
to  the  spectrum  below  1000  Hz  and  fed  to  the  other  ear.  Unfortunately, 
this  arrangement  caused  a  good  deal  of  binaural  interaction,  and  the 
degredation  of  normal  low-frequency  signals  by  transposed  signals 
in  the  opposite  ear.  Once  again  the  results  were  negative.  In  the 
next  experiment  Mr.  Ling  worked  with  the  Riondi  device  ®  which  is 
similar  to  the  Johansson  transposer  but  incorporates  a  sample- 
and-hold  process.  This  device  did  not  appear  to  work  either,  but 
Mr.  Ling  expressed  the  opinion  that  some  of  its  features  may  be 
useful. 


In  a  fifth  experiment,  Mr.  Ling  attempted  to  use  the 
transposer  as  an  aid  to  speech  training  rather  than  discrimination^. 
Two  groups  of  children  were  trained,  an  experimental  and  a  control 
group.  The  results  for  both  groups  proved  to  be  essentially  the 
same,  nevertheless  the  teacher  was  convinced  (and  remained  con¬ 
vinced)  that  frequency  transposition  was  a  superior  technique. 

In  reviewing  these  experiments  Mr.  Ling  was  clearly 
doubtful  about  the  value  of  frequency  transposition.  In  fact  he  won¬ 
dered  if,  in  frequency  transposition,  we  were  looking  for  something 
that  is  quite  unattainable.  It  may  be  that  we  are  naturally  attuned 
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to  receiving  speech  across  a  specific  band  of  frequencies  and  that 
our  biological  mechanisms  are  simply  not  equipped  to  handle  speech 
transposed  to  a  lower  frequency  band.  Mr.  Ling  did  not  take  sides 
on  this  basic  issue  but  concluded  with  the  terse  summary  that  several 
experiments  on  frequency  transposition  had  been  conducted,  all  of 
which  had  produced  negative  results. 

Mr.  Hirsh’s  second  suggestion  that  perhaps  only  se¬ 
lected  portions  of  the  speech  signal  should  be  presented  to  the  deaf 
child  during  auditory  training  received  extensive  discussion.  The 
basic  issues  appeared  to  be  the  same  as  those  involved  in  the  trans¬ 
formation  of  speech  into  visual  or  tactual  displays  and,  as  Mr.  Hirsh 
pointed  out,  such  displays  of  speech  are  in  general  too  complicated. 
The  same  may  be  true  in  the  acoustical  realm  although  nobody  has 
quite  said  this  except  perhaps  Guberina  in  some  interesting  ways, 
not  all  of  them  equally  comprehensible  10*  H,  Mr.  Hirsh,  however, 
thought  that  Guberina  did  make  the  point  that  deaf  children  will 
learn  to  discriminate  sounds  better  if  the  frequency  range  is  re¬ 
stricted  and  that  allowing  all  frequencies  to  enter  simultaneously 
is  in  some  way  confusing.  Mr.  Hirsh  noted  that  some  workers  sup¬ 
port  this  view  whereas  others  regard  it  as  nonsense,  and  he  won¬ 
dered  what  opinion  the  conferees  held. 

Mr.  Boothroyd  pointed  out  that  one  could  emphasize 
differences  between  certain  speech  features  by  restricting  the  fre¬ 
quency  range.  For  example,  if  the  vowel  /a/  is  presented  through 
a  filter  which  is  optimal  for  that  sound  and  later  another  vowel  is 
presented  through  the  same  filter,  then  the  differences  between  the 
two  vowels  will  be  more  noticeable  than  if  both  vowels  are  presented 
without  filtering.  It  was  only  in  this  respect  that  Mr.  Boothroyd 
saw  any  value  in  the  technique  for  focusing  a  child's  attention  on 
specific  differences  between  sounds. 

Mr.  McCroskey  thought  that  Guberina  was  not  simply 
restricting  but  shaping  the  frequency  spectrum,  i.  e.  ,  parts  of  the 
spectrum  are  differentially  amplified.  Mr.  McCroskey  thought  that 
a  wide  range  of  frequencies  should  be  available  for  manipulation  in 
the  training  of  a  deaf  child.  As  he  pointed  out,  the  data  on  speech 
perception  with  which  we  are  familiar  contain  results  obtained  pri¬ 
marily  from  adults  who  already  have  language  and  a  lot  of  predict¬ 
ability  available  to  them.  Thus,  for  example,  there  are  experiments 
which  show  that  frequencies  above  4000  Hz  are  not  essential  for 
speech  intelligibility,  but  Mr.  McCroskey  suspected  that  these  high 
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frequencies  may  well  be  needed  during  the  initial  stages  of  learning 
the  speech  code.  In  short,  Mr.  McCroskey  felt  that  a  wide  frequency 
range  should  be  used  for  initial  auditory  training. 

Mr.  Cooper  pointed  out  that  filtering  was  a  rather 
crude  way  of  selecting  the  information  one  wished  to  emphasize. 

It  is  conceivable  that,  for  the  purposes  of  training,  synthetic  speech 
could  be  used  which  emphasizes  the  desired  features.  It  even  may 
be  possible  to  operate  on  running  speech  on  a  real-time-processing 
basis  and  provide  the  required  emphasis  in  the  synthesized  output. 
The  output  could  be  expected  to  be  more  effective  than  the  results 
of  simple  linear  filtering.  Mr.  Cooper  was  careful  to  point  out  that 
his  latter  suggestion  was  highly  speculative. 

Another  area  of  speculation  was  raised  by  Mr.  Good- 
hill  who  discussed  the  possibilities  of  implantable  hearing  aids  and 
similar  devices.  These  could  take  the  form  of  mechanical  trans¬ 
former  hardware  for  those  situations  in  which  there  is  a  reasonably 
intact  cochlea,  but  where  the  middle  ear  is  not  functioning  and  for 
some  reason  surgery  cannot  be  used.  Mr.  Goodhill  reminded  the 
conferees  of  the  late  Dr.  Augustus  Pohlman  ^  who  saw  this  possi¬ 
bility  some  thirty  or  forty  years  ago  and  achieved  some  degree  of 
success  using  very  crude  materials  (e.  g.  pig  bristle  and  cellophane). 
This  approach  was  now  being  pursued  by  Goode  who  recommends 
direct  coupling  by  means  of  a  small  metal  particle  attached  to  the 
ossicles  and  driven  by  an  electromagnetic  field.  The  advantage  of 
this  technique  is  that  by  direct  coupling  of  the  transducer  with  the 
tympanic  membrane  ossicles  and  windows,  the  transducer  vibration 
would  pass  directly  to  the  attached  middle  ear  components.  By  this 
means  it  is  expected  that  sound  transmission  efficiency  would  be  im¬ 
proved,  possible  standing  waves  be  eliminated,  a  possible  extension 
of  the  frequency  response  be  achieved,  and  hopefully  a  better  hearing 
response  made  available  to  individuals  who  still  have  some  degree 
of  cochlear  function. 

Finally,  Mr.  Goodhill  mentioned  the  remote  possi¬ 
bility  that  perhaps  one  day  we  could  develop  devices  for  direct 
electrical  stimulation  of  the  auditory  nerve  or  cortex.  Although 
experiments  on  direct  stimulation  have  been  performed,  the  results 
to  date  are  not  at  all  promising.  Many  of  the  experiments  along 
these  lines  have  been  unsatisfactory,  and  Mr.  Goodhill  cautioned 
against  accepting  all  of  the  reports  at  face  value. 
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CHAPTER  3 


SPEECH  ANALYZING  AIDS 


Introduction 


Dr.  James  Pickett,  who  is  Professor  of  Speech 
Communication  Research  and  Director  of  the  Sensory  Communication 
Research  Laboratory  of  Gallaudet  College,  Washington,  D.  C.  , 
provided  a  review  of  the  six  most  common  types  of  speech  analyzing 
aids.  To  illustrate  his  address  Mr.  Pickett  used  several  photographs 
which  appear  in  some  of  his  published  papers  ^ \ 

The  devices  he  described  were: 

(1)  Toys  that  respond  to  voicing.  With  the  purpose  of  encour¬ 
aging  babbling  by  deaf  infants,  these  devices  were  de¬ 
signed  to  switch  on  whenever  a  child  makes  speech-like 
sounds.  One  example  activates  the  motor  of  a  self-pro¬ 
pelled  car. 

(2)  The  Voice  Pitch  Indicator.  Vibrations  of  the  larynx  or 
tracheal  wall  are  picked  up  by  a  small  contact  micro¬ 
phone.  The  average  frequency,  computed  over  a  period 
of  several  tens  of  milliseconds,  is  displayed  as  a  trace 
on  the  face  of  an  oscilloscope.  An  upward  deflection  in¬ 
dicates  an  increase  in  voice  pitch.  The  horizontal  move¬ 
ment  of  the  trace  depicts  time.  In  some  applications, 
the  teacher  may  produce  a  target  voice  pitch  contour 
which  the  child  attempts  to  emulate.  The  average  pitch 
of  many  deaf  children  is  found  to  be  too  high,  and  this 
effect  is  clearly  demonstrated  by  the  average  height  of 
the  oscilloscope  trace.  A  case  of  excessively  low  average 
voice  pitch  may  be  handled  in  a  similar  way.  In  a  sim  - 
pier  application,  a  meter  is  used  to  provide  a  gross  in¬ 
dication  of  the  average  pitch  (see  Pitch  Meter). 

(3)  The  Con  sonant -Vowel  Timing  Indicator.  This  device 
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splits  the  speech  frequency  spectrum  into  two  parts;  the 
high  frequency  part  controls  the  downward  deflection  of 
an  oscilloscope  trace  and  the  low  frequency  part  controls 
the  upward  deflection.  The  oscilloscope  trace  (in  time) 
moves  upward  for  vowel  sounds  and  strongly  voiced 
consonants  like  /l/  and  /n/,  and  moves  downward  for 
the  noiselike  fricative  consonants.  The  trace  returns 
to  its  midposition  during  the  silent  interval  of  the  stop 
consonants.  One  potential  application  of  the  device 
would  be  as  an  aid  in  training  a  child  to  establish  the 
correct  timing  relationships  between  the  elements  of  an 
utterance.  At  present,  no  research  has  been  reported 
with  this  device. 

(4)  The  Vowel  Indicator.  Another  type  of  oscilloscope  dis¬ 
play  plots  the  average  frequency  of  the  spectrum  above 
1000  Hz  against  the  average  frequency  of  the  spectrum 
below  1000  Hz.  The  resulting  display  is  a  single  spot 
which  moves  to  different  positions  for  different  vowels 
which  the  child  can  learn  to  recognize  visually.  A  dip- 
thong  is  shown  by  a  movement  of  the  spot  from, one  po¬ 
sition  to  another.  The  trajectory  of  the  spot  is  seen 
most  clearly  on  an  oscilloscope  which  has  a  long  per¬ 
sistence  screen  or  storage  tube. 

(5)  The  Spectrum  Display.  The  detailed  speech  spectrum  can 
be  shown  in  a  single  display  having  axes  of  frequency 
and  intensity.  One  such  device  is  LUCIA  built  in  Stock¬ 
holm  by  Mr.  Risberg's  engineering  group.  The  general 
appearance  of  the  display  is  illustrated  in  Figure  7. 
Frequency  is  displayed  along  the  horizontal  scale  which 
extends  from  200  Hz  to  7000  Hz.  Intensity  is  shown  on 
the  vertical  scale.  Each  light  (step)  on  the  vertical  axis 
represents  a  3  dB  increase  in  intensity.  The  display  is 
rather  complex,  but  certain  sounds  or  groups  of  sounds 
can  be  recognized.  Vowels  such  as  /i /  having  a  high 
second  formant  show  a  peak  in  the  frequency  spectrum 
around  2500  Hz  to  3500  Hz.  One  of  the  easiest  sounds 

to  recognize  is  /s/  which  has  a  high  concentration  of 
energy  above  about  5000  Hz. 

(6)  The  Visible  Speech  Translator.  The  best  known  and  most 
complicated  type  of  display  which  has  been  examined  so 
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AMPLITUDE 


Figure  7  -  Schematic  illustration  of  the  spectrum  display 
of  "Lucia” 
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far  is  the  visible  speech  translator.  In  its  original 
form,  the  device  provided  a  running  visual  display  of 
the  short  term  speech  spectrum  on  a  slowly  rotating 
cathode  ray  tube.  In  the  present  version  of  this  device, 
a  square  coordinate  system  is  employed.  The  time  di¬ 
mension  extends  horizontally  from  left  to  right,  and 
frequency  is  plotted  vertically.  The  intensity  of  the 
speech  at  different  frequencies  and  different  instants 
in  time  is  shown  by  the  brightness  of  the  display;  higher 
brightness  indicates  greater  intensity.  A  storage  oscil¬ 
loscope  is  used,  thus  permitting  the  freezing  of  the  dis¬ 
play  for  a  given  utterance,  so  that  the  teacher  can 
point  to  (and  discuss)  different  parts  of  the  spectrum  or 
its  different  time  segments.  This  device  has  a  number 
of  potential  applications,  some  of  which  are  discussed 
later. 

In  addition  to  the  devices  described  above,  Mr.  Risberg 
described  informally  several  portable  devices  developed  by  his  en¬ 
gineering  group  in  Sweden.  These  devices  included: 

(1)  The  Pitch  Meter.  A  small  contact  microphone  placed  on 
the  lower  throat  is  used  to  pick  up  the  vocal  cord  vibra¬ 
tions.  The  short-term  average  frequency  of  these  vi¬ 
brations  (the  voice  pitch)  is  shown  by  a  meter  instead  of 
an  oscilloscope  as  in  the  pitch  indicator.  The  instrument 
has  two  criterion  lights  which  can  be  set  by  the  teacher. 
The  lower  green  light  comes  on  when  the  voice  pitch 
exceeds  a  minimum  value  and  is  usually  indicative  of  a 
good  pitch  level.  The  upper  red  light  switches  on  when 
the  pitch  is  too  high  and  thus  the  two  lights  can  be  used 

to  bracket  the  correct  average  pitch  level. 

(2)  The  s-Meter.  This  meter  shows  the  relative  proportion 
of  speech  energy  in  the  high  frequency  region.  The  /s/ 
sound,  which  has  a  major  portion  of  its  energy  above 

5  000  Hz,  produces  the  greatest  deflection  of  the  meter. 
The  // /  sound  (as  in  ship)  produces  a  noticeably  smaller 
meter  deflection.  There  is  hardly  any  meter  movement 
for  strongly  voiced  sounds.  The  s-meter  also  has  a 
criterion  light  which  can  be  set  by  the  teacher.  Typi¬ 
cally  the  threshold  is  adjusted  so  that  the  light  comes  on 
whenever  the  child  produces  a  good  /s/.  The  meter  has 
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a  long  time  constant  and  is  designed  for  use  in  the 
training  of  children  on  sustained  fricatives.  The  light, 
on  the  other  hand,  has  a  very  short  time  constant  and 
is  intended  to  provide  quick  and  simple  feedback  of  the 
quality  of  /s/  sounds  in  context. 

(3)  The  Nasal  Indicator.  A  contact  microphone  is  placed 
against  the  soft  part  of  the  nose  (ala  nasi).  The  nasal 
vibration  is  amplified  and  its  intensity  is  displayed  by 
a  meter.  The  instrument  has  two  criterion  lights.  A 
green  light  is  switched  on  when  the  intensity  of  nasali¬ 
zation  falls  below  a  value  corresponding  to  a  meter  de¬ 
flection  of  half- scale.  A  red  light  appears  when  the  in¬ 
tensity  of  nasalization  exceeds  the  half- scale  value. 
Because  the  degree  of  nasalization  depends  upon  the 
relative  speech  level,  the  microphone  amplifier  is  pro¬ 
vided  with  a  gain  control.  Thus  the  meter  indicates  a 
relative  rather  than  an  absolute  measure  of  the  intensity 
of  nasalization.  The  nasal  indicator  can  be  used  during 
training  to  encourage  an  increase  or  decrease  of  nasali¬ 
zation.  For  example,  the  amplification  control  can  be 
adjusted  so  that  the  red  light  will  switch  on  when  the 
child  produces  a  good  nasal  sound  (e.  g.  /m/  or  /n/), 
and  the  green  light  will  switch  on  during  non -nasal 
sounds.  Thus  the  child  can  be  given  simple  visual  feed¬ 
back  of  the  degree  to  which  certain  sounds  should  be 
nasalized  and  when  they  should  be  nasalized. 
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DISCUSSION 


The  main  thrust  of  the  discussion  related  to  the  ex¬ 
tent  to  which  the  speech  training  aids  described  by  Mr.  Pickett  and 
Mr.  Risberg  had  been  evaluated.  Mr.  Pickett  reported  that  the 
voice-responding  toy  has  been  tried  at  a  number  of  schools  but  as 
yet  no  detailed  quantitative  evaluation  of  its  effectiveness  has  been 
made.  He  argued  that,  as  a  general  principle,  language  training 
for  deaf  children  should  be  modeled  (as  nearly  as  possible)  on  nat¬ 
ural  language  forms  at  all  levels  of  development.  Thus,  young 
deaf  children  prior  to  two  years  of  age  should  be  encouraged  to 
babble  in  the  same  way  as  normal  hearing  children.  Recent  experi¬ 
ments  performed  by  Malvilya  ^  were  cited  by  Mr.  Pickett  in  which 
it  was  found  that  deaf  babies  began  babbling  in  a  manner  similar  to 
normally  hearing  babies  but,  that  with  the  further  passage  of  time, 
differences  appeared.  On  further  questioning  Miss  Mulholland 
furnished  additional  detail.  Malvilya  found,  she  said,  that  eventually 
the  quantity  of  babbling  produced  by  the  hearing  impaired  babies  be¬ 
came  less  than  that  of  the  normal  hearing  babies;  there  were  longer 
and  progressively  more  frequent  periods  of  silence.  After  about 
26  weeks,  the  babbling  of  the  hearing  impaired  babies  virtually 
ceased.  In  addition  to  the  reduced  quantity  of  babbling,  there  were 
also  important  differences  in  its  quality. 

Mr.  Ling  cited  a  recent  study  ^  he  had  made  in  which 
he  found  that  there  was  a  tendency  for  deaf  children  (10  to  20  months 
of  age)  to  babble  virtually  exclusively  on  mid-central  vowels  with  no 
highback  and  no  high-front  vowels.  The  infants,  who  prior  to  the 
study  had  ceased  to  babble,  were  provided  with  training  to  encourage 
babbling.  The  phonemes  produced  by  the  deaf  infants  were  generally 
very  different  from  those  produced  by  normal  hearing  infants. 

Mr.  Pickett  briefly  described  the  work  by  Risberg 
and  Mkrtony  on  the  evaluation  of  the  voice  pitch  indicator.  Mkrtony  ^ 
has  reported  several  experiments  in  which  he  used  the  device  to  cor¬ 
rect  the  overall  voice  pitch  level.  He  obtained  substantial  improve¬ 
ments  in  the  performance  of  his  experimental  subjects  over  a  short 
period  of  time.  However,  Mr.  Pickett  pointed  out  that  Mkrtony  did  not 
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employ  a  control  group,  and  it  is  uncertain  whether  the  measured 
improvement  was  due  primarily  to  the  use  of  the  pitch  indicator  or 
to  the  additional,  specialized  training  that  each  child  had  received. 

In  principle,  the  device  could  be  used  for  the  training  of  intonation 
contours,  but  few  experiments  along  these  lines  have  been  performed. 

Dolansky  etal.^  reported  a  study  of  this  type  which 
was  moderately  successful.  The  device  used  was  the  pitch  period 
indicator  which  is  basically  the  same  as  the  pitch  indicator  described 
by  Mr.  Pickett.  The  children  were  provided  with  training  designed 
to  correct  overall  pitch  control  as  well  as  to  establish  control  of  in¬ 
tonation.  The  pitch  correction  aspect  of  the  study  had  objectives 
similar  to  those  of  Mkrtony,  and  the  study  resulted  in  a  similar 
measurable  improvement  in  pitch  quality.  The  authors  did  not  re¬ 
port  any  measurable  improvements  in  intonation. 

There  was  no  detailed  discussion  of  the  vowel-con¬ 
sonant  indicator  or  the  split  spectrum  vowel  indicator.  Mr.  Pickett 
mentioned,  however,  that  the  letter  device  had  been  tried  out  at  the 
Kendall  School  of  Gallaudet  College  by  Miss  Stegman,  but  the  results 
are  not  yet  published. 

The  spectrum  indicator,  LUCIA,  similarly  fell  into 
the  category  of  available  devices  that  had  not  yet  been  subjected  to 
detailed  evaluative  experiments.  This  device  is  one  of  the  oldest 
of  the  visible  speech  aids  and  a  number  of  variants  have  been  manu¬ 
factured  and  are  in  use  in  several  schools  for  the  deaf.  Informal 
comments  by  users  of  these  devices  indicate  that  deaf  children  have 
little  difficulty  in  learning  to  recognize  the  displays  generated  by 
the  sounds  /s/  and  /J"  /  and  whether  or  not  there  has  been  voicing. 

Mr.  Pickett  reported  that  during  the  past  two  decades 
several  small  scale  evaluative  studies  have  been  made  of  the  visible 
speech  translator.  Three  models  of  the  original  visible  speech 
translator  were  built  by  the  Bell  Telephone  Laboratories  in  the  early 
1950's  and  sent  to  three  research  groups  for  evaluation.  One  group 
led  by  House  ^  at  FHirdue  University  concerned  itself  with  the  extent 
to  which  spoken  vowels  could  be  identified  with  the  visible  speech 
translator.  The  second  research  group  led  by  Kopp  applied  the  visible 
speech  translator  directly  to  the  training  of  deaf  children^.  Mr.  Pickett 
was  not  familiar  with  the  recent  results  of  this  program  and  did  not 
discuss  it  in  any  detail.  (See  Chapter  4  for  comments  on  this  project.  ) 

A  third  research  group  led  by  Chase  ^  also  employed 
the  device  in  a  speech  training  program  for  hearing  impaired  children. 
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This  group  was  responsible  for  performing  the  modifications  which 
converted  the  device  into  the  form  it  takes  today;  the  time-frequency 
coordinates  are  now  fixed,  and  the  display  is  generated  by  a  moving 
time  window.  The  display  can  also  be  frozen  for  an  indefinite  period. 

Stark  used  the  newly  modified  visible  speech  display 
to  train  deaf  children  in  the  production  of  voiced  and  voiceless  plo¬ 
sives.  Confusions  between  these  plosives  are  common  in  the  speech 
of  the  deaf.  A  characteristic  difference  between  the  voiced  and  voice¬ 
less  plosives  is  the  length  of  time  which  elapses  before  the  onset  of 
voicing  after  the  plosive.  The  voiceless  plosive  generally  has  a  rel¬ 
atively  longer  lag  in  voice  onset  time.  This  type  of  display  shows  up 
voice  onset  time  quite  clearly,  and  Stark  had  little  difficulty  in  train¬ 
ing  children  to  identify  whether  they  had  produced  a  voiced  or  voice¬ 
less  plosive.  The  value  of  Stark's  study  was  enhanced  by  the  use  of 
a  control  group.  The  controls  were  trained  according  to  the  "feel 
the  burst"  method  in  which  the  child  places  his  fingers  in  front  of 
his  mouth  to  feel  the  strong  release  of  air  pressure  after  a  voiceless 
plosive.  Preliminary  data  from  this  study  ^  has  recently  become 
available.  Acoustic  measurements  of  the  speech  production  of  test 
and  control  groups  revealed  quite  marked  differences  in  favor  of  the 
test  group.  Perceptual  differences,  using  listeners'  judgments,  were 
also  significant  but  not  quite  as  substantial. 

Several  practical  points  regarding  evaluation  were 
raised  at  this  juncture.  Mr.  Silverman  warned  against  the  possibility 
that  the  child  trained  with  such  a  device  may  become  instrument  de¬ 
pendent,  whereas  this  would  not  occur  if  the  child  were  trained  by 
conventional  methods.  In  evaluating  these  aids,  one  criterion  of  ef¬ 
fectiveness  should  be  whether  or  not  the  child  develops  a  dependence 
upon  the  instrument.  This  question  is  closely  allied  to  retention 
which  is  a  very  important  consideration  in  the  evaluation  of  speech 
training  aids.  Mr.  Silverman  also  cautioned  against  the  notion  that 
there  is  anything  like  the  conventional  method  for  speech  training. 
There  is  a  whole  spectrum  of  conventional  methods  of  speech  training, 
he  said,  and  experimenters  should  be  careful  to  note  this  distinction 
in  planning  and  reporting  experiments.  Mr.  Levitt  also  noted  that 
experiments  of  this  type  can  overlook  important  information  if  the 
only  measurements  made  are  taken  before  and  after  training.  Aside 
from  the  important  question  of  retention,  which  requires  measure¬ 
ment  weeks  or  months  after  the  experiment,  rate  of  progress  during 
the  experiment  can  be  a  valuable  indicator  of  the  relative  performance. 
For  example,  it  is  possible  that  after  a  fixed  training  period  both 
the  experimental  and  control  groups  may  show  an  equivalent  improve¬ 
ment  in  performance  (i.  e.  both  groups  of  children  appear  to  have 
learned  a  specific  articulatory  gesture);  however,  one  or  other  group 
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may  have  learned  the  task  sooner  and  this  may  be  a  significant  factor 
of  considerable  practical  importance. 

Mr.  Ling  voiced  concern  over  the  time  taken  in  train¬ 
ing  hearing  impaired  children  to  overcome  voiced-voiceless  confu¬ 
sions.  Teachers  can  spend  a  great  deal  of  time  on  problems  of  this 
type  and,  although  important,  these  problems  should  be  viewed  in 
relation  to  other  aspects  of  the  child's  education  such  as  the  acqui¬ 
sition  and  understanding  of  language.  The  voiced-voiceless  distinc¬ 
tion  is  not  crucial  for  intelligibility  as  is  evidenced  by  the  high  in¬ 
telligibility  of  all-voiced  speech.  In  Mr.  Ling's  view,  it  was  impor¬ 
tant  to  establish  what  priorities  are  to  be  placed  on  minute  distinc¬ 
tions  of  this  type. 

Mr.  Risberg  reported  on  three  portable  instruments 
developed  by  his  group  (the  s-meter,  pitch  meter  and  nasal  indica¬ 
tor).  The  development  of  these  devices  began  in  1963  and  commer¬ 
cial  production  has  been  underway  since  1967.  The  initial  response 
was  something  less  than  enthusiastic,  particularly  toward  those  de¬ 
vices  whose  underlying  ideas  had  their  genesis  in  the  nineteen  thir¬ 
ties  or  earlier.  However,  several  hundred  instruments  have  now 
been  built  and  distributed  and  have  received  substantial  exposure  in 
practical  teaching  situations.  A  total  of  about  200  s-meters  has  been 
sold;  150  in  Sweden  and  the  remaining  5  0  worldwide.  In  addition  to 
the  deaf,  the  s-meter  is  also  used  with  normal  hearing  children  who 
have  difficulty  with  the  /s/  sound. 

The  evaluation  of  these  devices  began  with  their  in¬ 
troduction  in  Sweden,  and  it  was  soon  discovered,  as  pointed  out  by 
Mr.  Risberg,  that  the  problems  of  evaluation  presented  great  dif¬ 
ficulties.  The  evaluation  program  on  the  Swedish  devices  sought  the 
answer  to  three  questions  concerning  three  levels  of  evaluation. 

First,  can  the  child  establish  satisfactory  control  over  the  articula¬ 
tion  by  means  of  the  aid?  Second,  given  that  the  child  has  been  trained 
with  the  device  on  limited  speech  material,  is  there  an  improvement 
in  performance  over  that  resulting  from  the  use  of  conventional 
training?  Third,  is  there  a  transfer  of  this  training  to  other  speech 
material?  Mr.  Risberg  said  that  the  three  devices  he  had  described 
were  successful  at  the  first  level  of  evaluation.  That  is,  using  the 
device  as  a  guide,  the  child  could  train  himself  to  produce  a  correct 
sound  in  isolation.  The  more  difficult  task  of  producing  sounds  cor¬ 
rectly  in  context  and  transferring  training  to  other  speech  material 
yielded  disappointing  results.  The  amount  of  training  required  to 
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obtain  transfer  was  sometimes  very  great,  and  progress  toward  the 
improvement  of  speech  production  was  slow. 

The  single  most  encouraging  exception  appeared  to 
be  the  pitch  meter  which  appeared  to  train  retainable  skills,  parti¬ 
cularly  when  used  by  a  child  having  an  abnormally  high  voice  pitch. 

Mr.  Risberg  mentioned  that  in  a  number  of  cases  it  was  possible 
for  a  deaf  child  to  bring  his  voice  pitch  down  to  the  normal  range 
after  only  a  few  training  sessions.  Transfer  in  these  cases  was 
good,  for  the  new  average  pitch  levels  were  maintained  after  train¬ 
ing.  Some  transfer  has  also  been  obtained  with  the  s-meter  follow¬ 
ing  moderate  amounts  of  training.  Results  with  the  nasal  indicator 
were  mixed.  Mr.  Risberg  reported  that  some  of  the  teachers  using 
the  device  claim  that  although  it  increases  motivation,  they  can 
achieve  the  same  results  by  using  traditional  methods.  A  feature 
of  the  s-meter,  however,  is  that  it  is  small  enough  to  be  taken  out 
of  school  for  practice  at  home.  No  detailed  evaluation  of  the 
spectrum  display  (LUCIA)  had  been  conducted  yet,  he  said,  although 
one  model  had  recently  been  introduced  into  a  school  for  the  deaf 
and  two  teachers  were  incorporating  the  device  into  their  training 
programs.  It  was  hoped  that  an  evaluation  would  begin  shortly. 

A  recurring  theme  during  the  discussion  dealt  with 
the  question  of  which  aspects  of  the  acoustic  waveform  of  speech 
should  be  presented  to  the  deaf  child  during  training.  It  is  apparent 
from  the  poor  results  obtained  with  spectrum  displays  that  the  re¬ 
production  of  all  of  the  spectral  information  generates  a  display 
which  is  too  complicated  for  the  child  to  absorb,  and  some  selec¬ 
tivity  is  needed.  Two  slightly  different  points  of  view  were  expressed. 
The  first  favored  a  display  that  depicted  articulatory  movements 
directly.  The  alternate  view  favored  the  simplest,  feasible  display 
that  correlated  with  the  speech  feature  being  trained.  (In  practice 
many  devices  can  embrace  aspects  of  both  views.  ) 

Mr.  Cooper  considered  the  experiments  of  Stark  to 
be  of  great  interest  in  demonstrating  the  importance  of  articulatory 
features.  In  these  experiments  the  child  was  trained  to  make  a 
voiced-voiceless  distinction  which  requires  subtle  control  of  the 
larynx.  As  pointed  out  by  Mr.  Cooper,  the  timing  intervals  for 
opening  and  closing  the  larynx  are  very  short  and  occur  in  a  tight 
time  relationship  with  movements  of  the  articulators.  The  appro¬ 
priate  timing  and  combination  of  these  are  not  easily  obtained  by  in¬ 
trospection  or  proprioception  or  by  other  means;  it  is  difficult  to 


-  67  - 


adjust  the  mechanism  consciously.  Although  this  articulatory  gesture 
is  exceedingly  subtle,  the  display  on  a  stationary  coordinate  system  of 
time  and  frequency  happens  to  be  relatively  easy  to  interpret.  Thus  we 
have  a  striking  example  of  a  case  where  the  display  is  clear,  but  the 
articulatory  gesture  to  be  taught  is  subtle.  Mr.  Denes  argued  that  it 
was  not  so  much  the  simplicity  of  the  display  but  rather  that  the 
display  reflected  the  articulatory  mechanism  that  was  significant. 

It  was  important  that  the  teacher  using  this  display  should  have  an 
understanding  of  the  acoustics  and  physiology  of  speech  production  so 
that  the  link  could  be  pointed  out  to  the  deaf  child  while  learning. 

Mr.  Weed,  drawing  on  his  own  experience  with  a  similar 
device,  noted  that  the  ability  of  the  child  to  learn  appeared  to  depend 
upon  how  close  the  child  was  on  his  first  attempt.  If  the  child  is 
reasonably  close,  he  has  little  difficulty  in  making  the  necessary 
adjustments  to  effect  an  improvement.  If,  however,  his  first  attempt 
is  a  long  way  off  with  many  errors,  then  the  child  does  not  know  what 
to  adjust  first,  and  learning  is  difficult.  In  Mr.  Weed's  view,  it  was 
not  so  much  a  matter  of  understanding  physiology  but  of  understanding 
what  the  child  is  trying  to  do. 

Mr.  Risberg  thought  that  one  reason  why  some  of  the 
instruments  have  been  so  successful  is  that  the  teachers  have  little 
difficulty  in  incorporating  these  devices  into  their  traditional  teaching 
methods.  The  s -meter,  for  example,  is  simply  an  extension  of  the 
existing  method  and  is  easily  incorporated.  The  spectrum  display  is 
much  more  complicated,  and  teachers  must  be  able  to  develop  special 
teaching  methods  to  be  able  to  use  it.  Mr.  Geisler  clearly  favored  the 
articulatory  display  and  wondered  whether  it  would  be  possible  to  develop 
devices  which  could  measure  key  articulatory  positions  or  movements 
such  as  the  action  of  the  vocal  tract,  the  opening  of  the  larynx,  the 
nasal  air  pressure,  the  position  of  the  tongue  and  other  anatomical 
features.  Mr.  Hirsh  replied  that  this  approach  was  already  being  tried 
by  a  group  led  by  Swets^  in  pronounciation  training  during  second 
language  learning  by  normal  hearing  subjects.  This  display  shows 
contours  of  the  mouth  and  relative  tongue  positions. 

Mr.  House  cautioned  against  assuming  that  the  type  of 
articulatory  information  recommended  by  Mr.  Geisler  could  be 
extracted  from  the  acoustic  speech  signal.  At  present  we  simply  do  not 
know  how  to  extract  or  display  the  parameters  of  articulation  that  would 
be  meaningful,  not  only  to  a  child  but  also  to  an  adult.  It  is  a  moot 
point  whether  such  parameters  such  as  lip  closing  or  nasal  air  pressure 
(which  can  be  measured  directly)  are  the  correct  parameters  for 
speech  training.  In  Mr.  House's  view  the  reason  why  the  s -meter 
has  been  so  successful  is  that  only  three  variables  are  manipulated 
to  produce  an  /s/,  the  speed  of  the  air,  the  size  of  the  constriction,  and  its 
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position.  With  only  three  variables  one  can  quite  quickly  converge  on  the 
correct  combination  and  make  the  s -meter  respond  appropriately. 

The  discussion  was  cut  short  because  of  a  pressure 
for  time  but  was  picked  up  again  in  a  broader  context  later  in  the 
conference.  The  resumed  discussion  is  reported  in  the  discussion 
following  Chapter  4. 
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CHAPTER  4 


PROBLEMS  OF  EVALUATION 


Introduction 


The  subject  matter  of  this  chapter  was  delivered  to 
the  conference  by  Dr.  Arthur  S.  House,  Professor,  Department  of 
Audiology  and  Speech  Sciences,  Purdue  University,  Lafayette, 
Indiana.  * 


Mr.  House  identified  two  categories  of  sensory  aids 
and  posed  the  two  major  questions  that  an  evaluation  study  must  at¬ 
tempt  to  answer.  Referring  to  these  questions  and  the  literature  on 
devices  which  have  been  available  for  several  years,  he  concluded 
that  many  are  still  unevaluated.  Mr.  House  illustrated  several 
thorny  problems  concerned  with  the  interpretation  of  data  from  edu¬ 
cational  studies  and  the  influence  upon  them  of  personnel  and  equip¬ 
ment  variations.  He  stressed  the  need  for  controls  in  experimen¬ 
tation  and,  while  acknowledging  that  ethical  questions  arise,  he 
came  out  strongly  in  favor  of  a  rigorous  investigative  approach  to 
all  evaluation  studies. 

Categories  of  Sensory  Aids 

Mr.  House  began  by  suggesting  that  sensory  aids  fall 
into  two  major  categories  which  can  be  called  Natural  and  Unnatural 
aids.  The  category  labeled  Natural  Aids  consists  of  amplification 
devices,  conventional  hearing  aids  and  other  systems  which  provide 
direct  compensation  of  a  measurable  loss  of  auditory  sensation.  In 
the  category  labeled  Unnatural  Aids  are  those  devices  which  perform 
some  kind  of  transformation  operation  between  one  physical  dimen¬ 
sion  and  another  within  the  acoustic  domain  or  between  one  sense 
modality  and  another.  For  example,  some  of  these  operations  in¬ 
clude  transformations  of  portions  of  the  acoustic  waveform  into 
lower  frequency  bands,  as  performed  by  the  frequency  transposer, 
or  into  Visual  and  tactile  displays,  as  in  the  tactile  vocoder.  An 
additional  type  of  transformational  operation  involves  the  extraction 
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and  communication  of  some  important  feature  of  the  acoustic  signal 
such  as  the  pitch  or  amplitude  of  the  signal  displayed  by  means  of  a 
meter. 


The  Natural  Aids  may  be  further  divided  into  categories 
described  as  individual  hearing  aids  and  group  aids.  Even  among 
group  aids,  there  are  at  least  three  different  types;  standard  ampli¬ 
fiers,  induction  loops,  and  FM  carrier  radio  aids.  An  important 
additional  classification  (which  applies  primarily  to  the  Unnatural 
Aids)  recognizes  the  distinction  between  speech  training  devices  and 
speech  reception  devices  other  than  hearing  aids. 

The  Basic  Questions 

With  so  many  different  types  of  sensory  aids  designed 
for  so  many  different  purposes,  the  task  of  evaluation  is  not  easy. 

In  order  to  simplify  the  discussion,  Mr.  House  drew  attention  to  the 
two  basic  and  quite  distinct  questions  that  an  evaluation  must  be  de¬ 
signed  to  answer.  The  first  question  typically  asks  "What  does  the 
device  do  or  what  is  it  supposed  to  do?  "  The  second  question  is 
much  more  profound  and  is  typically  couched  in  the  form  "Does  the 
device  assist  in  teaching  some  skill  to  the  deaf  student  or,  can  the 
device  improve  some  performance  characteristic  of  the  deaf  student, 
(either  receptive  or  productive)  and  in  the  long  run  enhance  his  abili¬ 
ty  to  get  along  in  a  world  heavily  dependent  upon  speech  communica¬ 
tion?  "  Mr.  House  argued  that  the  first  question  was  relatively  tri¬ 
vial  and  could  be  answered  primarily  by  reference  to  physical  mea¬ 
surements.  An  answer  to  the  second  type  of  question  is  much  more 
difficult  to  provide  because  it  involves  the  measurement  of  less  well 
defined  quantities  such  as  the  usefulness  of  the  device  in  teaching 
situations,  and  ultimately  the  degree  of  influence  it  has  on  the  life 
pattern  of  the  student.  The  question,  in  fact,  brings  us  face  to  face 
with  major  evaluation  problems  whose  solutions  must  be  given  the 
highest  priority. 

Evaluation  Report 

In  reviewing  the  literature  Mr.  House  noted  that  most 
of  the  evaluative  work  that  has  been  reported  has  focused  upon  the 
first  question.  However,  the  procedures  and  results  of  even  these 
studies  are  not  very  satisfying.  For  example,  some  potentially  in¬ 
teresting  work  has  been  done  on  both  individual  and  group  hearing 
aids  in  the  last  few  years.  In  general,  the  findings  indicate  a  need 
for  better  devices.  Group  aids,  utilizing  induction  loop  systems. 
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have  been  reported  to  be  unstable  or  difficult  to  use,  and  many  in¬ 
dividual  hearing  aids  are  not  always  good  as  amplifiers  of  speech. 

The  reasons  why  these  devices  and  systems  are  unsatisfactory  have 
not  emerged  clearly;  similarly,  specific  recommendations  for  im¬ 
provements  have  also  been  few. 

A  second  impression  gained  from  the  literature  is 
that  many  of  the  available  devices  are  unevaluated.  There  are  some 
exceptions,  but  even  among  these  a  good  many  have  received  what 
are,  from  an  educational  point  of  view,  short-term  evaluations. 

Many  of  these  short-term  evaluations  report  the  results  of  training 
a  student  with  a  new  device  for  relatively  short  periods,  such  as  a 
total  of  18  or  24  hours.  If  this  evaluation  shows  a  positive  result 
(e.  g.  the  performance  of  the  students  trained  with  the  device  is  ob¬ 
served  to  improve  significantly),  then  it  should  be  recognized  that 
no  more  has  been  done  at  this  stage  but  to  show  that  the  use  of  the 
device  is  feasible  and  has  promise.  Such  evidence  indicates  that 
the  device  ought  to  be  evaluated  in  a  large  scale  experiment.  If  the 
device  does  not  yield  a  significant  improvement  during  its  short-term 
evaluation,  the  fact  is  often  overlooked  that  this  does  not  necessarily 
prove  that  the  device  is  unusable.  Too  often  the  results  of  short¬ 
term  studies  that  show  no  detectable  benefits  lead  to  the  device  being 
discarded  unjustifiably.  The  results  of  short-term  evaluations  might 
well  be  used  to  establish  priority  lists  which  control  the  access  of 
devices  to  more  thorough  studies,  but  they  should  not  be  used  to  re¬ 
ject  a  device. 

Educational  Studies 

There  are  some  reports  in  the  literature  of  reasonably 
long-term  educational  research  efforts,  but  often  (as  Mr.  House  put 
it)  it  is  unfortunately  very  difficult  to  accept  some  of  the  findings  and 
interpretations  as  being  rational.  One  specific  example  cited  was  an 
attempt  made  to  evaluate  a  model  of  the  visible  speech  translator  in 
a  long-term  educational  endeavor  that  ran  for  from  two  to  three  years 
at  a  school  for  the  deaf.  The  conclusions  of  this  study  were  positive, 
but  the  evidence  in  the  data  to  support  the  conclusions  was  not  strong. 
Mr.  House  did  not  level  detailed  criticism  at  this  study  because  the 
researchers  involved  were  not  present  at  the  conference;  he  recom¬ 
mended,  however,  that  conferees  read  the  original  paper  to  under¬ 
stand  the  strengths  and  weaknesses  of  long-term  educational  research 
projects  1. 
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The  Importance  of  Controls 


Experiments  which  have  been  carried  out  using  the 
visible  speech  translator  provide  examples  of  another  problem  pre¬ 
valent  in  evaluation  studies.  Originally,  three  models  were  built 
and  sent  to  different  institutions  where  each  of  the  devices  was  ap¬ 
plied  to  a  different  job  (see  Chapter  3).  Stark,  Cullen  and  Chase, 
who  have  thus  far  done  the  most  work,  modified  the  device  in  an 
effort  to  strengthen  its  applicability  to  the  task  of  improving  the 
speech  production  of  deaf  children  .  Mr.  House^cited  this  study 
to  illustrate  a  difficult  and  important  problem  from  the  evaluation 
point  of  view.  Stark's  group  employed  a  skilled  teacher  of  the  deaf 
who  had  the  insight  to  see  that  she  could  make  better  use  of  the  trans¬ 
lator  if  it  were  modified.  Having  made  the  modification,  she  then 
used  the  device  in  her  training  procedures.  The  results  of  the  study 
were  positive,  and  the  claim  could  presumably  be  made  that  the  de¬ 
vice  was  helpful.  But,  Mr.  House  warned,  because  the  teacher  con¬ 
cerned  was  so  skillful,  the  study  will  always  leave  some  lingering 
suspicion  (in  the  minds  of  many  who  know  her)  that  she  might  also 
have  been  able  to  improve  the  performance  of  the  children  without 
the  aid  of  the  device.  The  matter  of  providing  and  performing  ap¬ 
propriate  control  studies  is  a  critically  important  part  of  the  evalu¬ 
ation  problem. 


Another  aspect  of  the  evaluation  problem  is  the  fre¬ 
quent  tendency  to  construct  experimental  situations  which  oversim¬ 
plify  reality.  This  can  sometimes  be  carried  to  the  point  where  the 
experiments  cannot  answer  any  of  the  important  questions  that  were 
originally  posed. 

The  Ethical  Problem 

Mr.  House  raised  one  further  problem  of  evaluation 
about  which  he  was  much  concerned.  He  felt  that  an  outstanding 
school  for  the  deaf  should  produce  good  educational  research  in¬ 
volving  the  deaf.  A  candid  examination  of  the  public  record,  how¬ 
ever,  shows  that  those  schools  for  the  deaf  having  the  best  repu¬ 
tations  have  not  done  this  kind  of  research.  Mr.  House  theorized 
that  outstanding  schools  are  frequented  by  dedicated  teachers,  and 
that  the  only  desire  of  dedicated  teachers  is  to  do  the  best  for  their 
charges.  Thus  if  they  believe,  a  priori,  that  one  method  is  better 
than  another,  in  good  conscience,  they  cannot  employ  both  methods 
for  comparison  purposes  and  withhold  the  assumed  benefits  of  the 
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better  method  from  one -half  of  their  students.  Similarly,  in  cir¬ 
cumstances  where  such  teachers  do  not  know  which  method  to  use, 
an  eclectic  approach  is  favored.  Thus,  to  take  an  extreme  example, 
if  there  are  fourteen  possible  methods  which  could  be  employed, 
teachers  tend  toward  the  use  of  all  fourteen  on  the  basis  that  at  least 
one  of  these  methods  will  help  the  child. 

If  the  above  theory  has  any  validity,  thought  Mr. 
House,  it  suggests  the  need  for  a  National  Center  specializing  in 
evaluational  research.  This  center  should  be  dedicated  not  so  much 
to  excellence  in  teaching  --  that  will  be  assumed  --  but  to  excellence 
in  the  evaluation  of  methods.  Or,  from  another  point  of  view,  the 
excellence  in  such  a  center  must  lie  in  the  quality  of  its  teaching 
staff,  reflected  not  in  an  adherence  to  their  original  training,  but 
in  the  strength  of  their  investigative,  inquiring  approach,  their  per¬ 
sonal  effort  on  individual  students,  and  their  powers  to  teach  by  any 
means. 


In  summing  up,  Mr.  House  observed  that  the  field  of 
sensory  training  aids  for  the  hearing  impaired  is  faced  with  two  ma¬ 
jor  needs.  First,  there  is  a  need  for  a  research  center  devoted  to 
evaluation.  Second,  a  considerable  effort  should  be  devoted  to  the 
matter  of  improving  Natural  Aids.  The  argument  in  favor  of  a 
Natural  Aids  rests  on  the  greater  likelihood  that  it  will  provide  the 
highest  payoff.  It  is  certainly  an  area  in  which  the  greatest  invest¬ 
ment  has  already  been  made  and  an  area  in  which  we  have  more  know 
ledge  than  is  at  present  available  elsewhere.  Some  time  ago,  Mr. 
House  concluded,  Jacob  Wasserman  in  a  novel  noted  that  light  cannot 
convince  the  blind.  It  also  may  be  true  that  sound  cannot  convince 
the  deaf.  But  if  sound  can  convince  the  individual  with  some  usable 
residual  hearing  then  we  ought  to  put  a  great  deal  of  our  money  on 
the  Natural  Aid. 
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DISCUSSION 


Mr.  House’s  suggestion  of  a  National  Research  Center 
dominated  the  discussion.  Mr.  Lowell  supported  the  idea  and  re¬ 
iterated  the  point  that  several  of  the  devices  described  in  Chapter  3 
have  been  around  for  many  years,  yet  objective  evaluative  data  on 
these  devices  are  still  not  available.  An  important  consideration 
which  may  have  contributed  to  this  state  of  affairs  is  that  about  95 
percent  of  our  deaf  children  are  taught  in  schools  where  there  is  a 
mandate  to  provide  a  minimum  number  of  hours  of  standard  instruc¬ 
tion  per  average  daily  attendance.  The  net  result  of  this,  when  mea¬ 
sured  by  the  standard  achievement  tests,  is  usually  less  than  satis¬ 
fying,,  Thus  the  teacher,  if  she  is  a  good  one,  is  extremely  reluc¬ 
tant  to  use  up  any  of  her  precious  teaching  time  in  experimenting 
with  new  devices.  According  to  Mr.  Lowell,  this  has  been  one  of 
the  reasons  why,  despite  the  dedication  and  sincere  desire  to  improve 
the  education  of  the  deaf,  there  has  not  been  greater  utilization  at- 
temped  of  new  devices  or  greater  emphasis  on  the  kinds  of  long¬ 
term  studies  recommended  by  Mr.  House.  A  National  Center  of 
some  type  would  be  of  great  value  in  providing  objective  evaluations 
of  experimental  devices  so  that  teachers  could  be  assured  that  the 
device  had  some  potential  for  their  particular  group  of  students.  At 
present  most  of  the  small  and  isolated  articles  that  are  published  are 
accepted  with  a  grain  of  salt  because,  as  pointed  out  earlier,  a  dedi¬ 
cated  enthusiastic  person  can  make  almost  anything  work. 

Mr.  Cooper  favored  the  concept  of  a  National  Center 
but  not  necessarily  for  evaluation  only.  Possible  models  for  such 
a  center  might  be  the  Central  Insitute  for  the  Deaf  (CID)  or  Building 
10  (the  Clinical  Center)  on  the  National  Institutes  of  Health  campus. 
The  latter  has  a  clinical  research  facility  alongside  a  regular  hos¬ 
pital,  thus  clinical  research  is  conducted  not  only  in  a  research  en¬ 
vironment  but  in  immediate  juxtaposition  to  patients  and  people.  In 
the  case  of  the  CID,  there  is  the  opportunity  to  be  close  to  where 
children  are  being  taught.  The  activities  that  would  go  on  in  such  a 
center  would  include  some  rather  basic  research  to  check  out  the 
questions  that  underlie  many  of  our  functions  in  teaching  and  device 
development.  Many  of  these  had  already  surfaced  at  this  conference. 
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The  further  development  or  evaluation  of  devices,  and  the  training 
of  teachers  to  go  out  and  put  new  ideas  into  operation,  might  be  two 
appropriate  aspects  of  the  Center's  activities. 

A  National  Center  is  needed  if  the  field  is  to  move  as 
it  might  move.  At  present  we  have  a  volunteer  army,  insofar  as 
problems  of  the  deaf  are  concerned.  If  somebody  happens  to  have 
the  particular  skills,  access  to  the  particular  facilities,  the  moti¬ 
vation  to  try  a  project  and  can  also  obtain  funding  for  it,  then  he 
tries  it  within  his  own  limitations  of  both  facilities  and  ideas.  He 
may  consult  and  exchange  ideas  with  others,  but  this  does  not  lead 
to  anything  like  a  coordinated  attack  on  the  problem.  Although  Mr. 
Cooper  did  not  favor  a  massive  frontal  attack,  he  did  think  that  it 
would  be  valuable  to  have  a  group  of  people  together  who  have  some¬ 
how  undertaken  the  responsibility  to  get  something  done  in  the  field. 
These  people  could  determine  what  the  problems  are,  their  priori¬ 
ties,  and  the  interrelationships  among  them.  The  question  of  cri¬ 
tical  size  is  important  at  this  stage.  One  cannot  establish  a  viable 
center  of  this  type  unless  there  are  enough  people  with  enough  skills 
to  represent  the  different  aspects  of  the  problem.  Finally,  as  Mr. 
Cooper  pointed  out,  a  sense  of  mission  is  one  thing  that  a  center 
would  have  and  individual  researchers  cannot  be  expected  to  have. 

The  idea  of  a  National  Center  was  supported  by  a 
number  of  participants,  several  of  whom  had  slightly  different  views 
as  to  its  primary  function.  Mr.  Garrett,  for  example,  favored  a 
National  Center  with  educational  research  as  its  major  function  and 
device  evaluation  being  only  one  aspect  of  its  activities.  Mr.  Calvert 
supported  this  view,  in  part,  but  pointed  out  that  there  was  a  real 
need  for  immediate  research  on  the  various  types  of  instruments 
that  are  now  available.  Mr.  Ling  felt  that  such  a  center  should  not 
involve  deaf  children  directly  but  should  rather  coordinate  the  ac¬ 
tivities  of  those  people  who  are  really  interested  in  evaluation. 

These  people  would  continue  to  pursue  their  work  at  their  own  schools 
and  institutions.  Dr.  House  opposed  this  idea  on  the  grounds  that  it 
was  putting  the  responsibility  back  in  the  schools  that  already  exist, 
and  he  doubted  that  this  arrangement  would  be  any  better  than  that 
existing  at  present. 

Miss  Mulholland  reported  that  the  U.  S.  Office  of 
Education  had  funded  a  Research  and  Demonstration  Center  at 
Teachers  College  of  Columbia  University  for  studies  in  special 
education.  The  building  which  will  house  the  Center  should  be  com¬ 
pleted  in  the  fall  of  1972  or  early  spring  of  the  following  year.  One 
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of  the  objectives  of  the  Center,  stated  in  the  original  proposal,  was 
that  there  should  be  provided  facilities  to  support  the  study  and  eval¬ 
uation  of  special  instrumentation  for  instructional  purposes.  How  far 
along  the  road  the  Center  could  be  expected  to  go  (toward  meeting 
the  needs  expressed  at  the  conference)  was  uncertain,  however. 

Mr.  Levitt  suggested  that,  at  the  very  least,  there 
should  be  a  National  Data  Center  on  deaf  children.  This  center 
would  store  detailed  information  on  the  development  of  deaf  children 
in  a  number  of  different  areas,  including  recordings  of  deaf  speech 
made  at  regular  intervals.  It  is  unlikely  that  the  conflicting  views  on 
education  of  the  deaf  will  be  resolved  in  the  near  future  and  such  a 
center  would  at  least  provide  a  substantial  body  of  data  whereby  the 
effects  of  different  approaches  could  be  gauged  over  the  years. 

The  argument  against  a  National  Center,  as  voiced  by 
Mr.  Miller,  was  that  the  available  devices  had  not  shown  sufficient 
promises  to  be  worth  a  careful  and  expensive  evaluation  (i.  e.  ,  ifA  job 
not  worth  doing  is  not  worth  doing  well").  Mr.  Miller  pointed  out  that 
we  know  very  little  about  speech  reception  in  hard-of-hearing  people. 
We  cannot  specify  exactly,  even  now,  the  source  of  specific  successes 
and  the  cause  of  failures.  For  example,  some  children  do  quite  well 
with  combined  lipreading  and  use  of  hearing  aids,  while  others  do 
quite  poorly,  but  we  do  not  know  exactly  why  they  fail. 

Mr.  Miller  felt  that  what  is  needed  is  the  development 
of  diagnostic  tests  for  speech  reception,  one  by  lipreading  and  one  by 
audition,  whether  or  not  the  acoustic  information  is  passed  through 
a  Natural  Hearing  Aid  or  an  Unnatural  Aid  Such  diagnostic  tests  will 
have  to  be  developed  for  various  age  levels  and  for  various  levels  of 
speech  reception.  For  example,  standard  tests  at  the  feature  level 
(i.  e.  ,  tests  which  will  show  which  linguistic  features  can  be  discrim¬ 
inated  and  which  features  cannot)  are  needed.  Similarly  there  is  a 
need  for  tests  which  will  measure  discrimination  at  the  phoneme  and 
syllable  level;  then  the  phrase  and  sentence  level  and  finally  at  the 
paragraph  and  storytelling  level.  Technology  is  needed  that  will  allow 
us  to  do  this  testing.  In  the  lipreading  test,  for  example,  a  device  is 
needed  that  will  randomly  present  video  recordings  of  faces  for 
display  to  the  student. 

Mr.  Flanagan  argued  that  our  need  now  is  less  one  of 
a  National  Center  for  evaluation  than  it  is  for  a  strong  focus  on  the 
real  research  that  needs  to  be  done.  That  is,  at  present  we  have 
little  need  for  an  organization  that  would  say,  "Bring  us  whatever 
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aids  you  think  are  useful,  and  we  will  test  them  and  find  out  whether 
they  are  useful  or  not.  "  It  is  the  researchers'  obligation  to  experi¬ 
ment  with  their  sensory  aids  and  to  do  the  initial  evaluation  showing 
that  the  aids  are  useful.  There  is  a  critical  need  for  concentrated 
research  on  sensory  aids  --  research  that  is  unified  and  well  organized, 
but  not  specifically  set  up  to  formally  evaluate  everything  that  might 
be  brought  through  the  door  purporting  to  be  a  sensory  aid. 

Mr.  Silverman  drew  attention  again  to  the  moral  is¬ 
sue  in  testing,  particularly  with  respect  to  longitudinal  studies.  When 
all  the  variables  are  controlled  in  a  long-term  study,  the  experimen¬ 
ter  is  interfering  with,  and  compromising  to  some  extent,  the  educa¬ 
tion  of  the  deaf  child.  On  the  other  hand,  it  may  be  immoral  to  with¬ 
hold  something  that  is  promising.  The  question  of  morality  in  educa¬ 
tional  testing  is  not  new,  but  the  dilemma  must  be  faced  by  all  who 
are  concerned  with  research  in  education  of  the  deaf.  Mr.  Silverman 
was  not  overly  pessimistic,  however,  regarding  the  evaluation  of 
sensory  aids  at  schools  for  the  deaf.  Certain  aspects  of  the  evalua¬ 
tion  problem  could  be  realistically  attacked  in  schools,  and  there  has 
been  some  activity  concerned  with  the  evaluation  of  new  devices,  al¬ 
though  frequently  yielding  not  too  encouraging  or  convincing  results. 

In  evaluating  new  devices  at  a  school,  it  is  important  to  be  very  dis¬ 
criminating  as  to  what  should  be  done,  and  feasibility  should  be  de¬ 
termined  early.  Mr.  Silverman  did  not  believe  that  it  is  a  case  of 
sensory  aid  evaluation  being  done  either  in  an  evaluation  center  or 
in  a  school.  He  had  not  yet  decided  upon  the  desirability  of  a  National 
Center  but,  if  one  were  to  be  created,  it  would  have  to  interact  very 
closely  with  schools.  It  is  important  to  remember  that  in  an  evalua¬ 
tion  center  you  have  a  situation  which  is  not  easily  replicated  in  the 
schools,  and  the  replicability  of  something  is  an  evaluative  criterion 
in  itself. 


Mr.  Silverman  then  cited  several  examples  illustrating 
the  vagaries  of  long-term  evaluative  research.  Back  in  the  1940's, 
the  big  issue  in  education  was  the  evaluation  of  "progressive"  versus 
the  "traditional"  methods  of  education.  A  lot  of  mythology  was  laid 
to  rest  about  the  differences;  there  were  hardly  any  differences  found 
at  all.  In  the  last  twelve  or  fifteen  years  the  Ford  Foundation  asked 
some  questions  about  teacher  preparation  and  its  effects  on  children. 
One  of  the  questions  was  "What  is  the  difference  between  a  teacher 
who  has  been  to  a  liberal  arts  college  and  one  who  has  received  con¬ 
ventional  teacher  training?"  This  was  a  major  research  project, 
but  the  answers  were  equivocal  because  of  the  biases  which  kept 
creeping  into  the  field  study.  For  example,  when  the  investigators 
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went  into  a  school  to  gather  data  and  asked  principals  about  teachers, 
the  principals  tended  to  give  a  higher  evaluation  to  those  people  who 
had  been  trained  the  way  the  principals  themselves  had  been  trained. 
In  the  1940's,  when  the  information  growing  from  the  Harvard  report 
was  released,  Mr.  Silverman  and  others  at  the  Central  Institute  for 
the  Deaf  attempted  to  make  use  of  this  information  by  building  group 
hearing  aids  for  children.  Two  evaluation  methods  were  used.  One 
group  aid  was  placed  in  an  institution  outside  of  CID  for  objective 
evaluation  by  a  skilled  investigator.  The  other  group  aid  was  kept 
at  CID  for  impressionistic  day-to-day  observations  of  it  workability. 
After  the  study  ^  had  run  for  a  year  or  two,  Messrs.  Hudgins  and 
Silverman  discussed  the  project  at  length  and  found  that  the  experi¬ 
mental  group  was  performing  well,  and  the  issue  was  raised  as  to 
whether  it  was  moral  to  continue  withholding  the  device  from  the  con¬ 
trol  group.  The  decision  was  eventually  made  to  terminate  the  ex¬ 
periment,  and  the  group  aid  was  given  to  all  of  the  children. 

A  major  issue  raised  by  Dr.  Hirsh  concerned  the 
question  of  setting  appropriate  criteria  for  an  evaluation.  A  great 
deal  depends  upon  the  observer's  objectives  and  point  of  view.  As 
one  example,  he  cited  the  fact  that  some  people  might  reject  the 
s-meter  because  children  trained  with  it  do  not  speak  grammatically. 
In  another  example,  Mr.  Hirsh  considered  the  data  which  emerged 
from  the  study  of  the  Johansson  transposer  made  by  the  staff  of  the 
CID.  If  the  criterion  of  success  is  made  to  hinge  on  whether  children 
can  distinguish  /s /  as  in  sip  from  ///  as  in  ship,  the  transposer 
should  be  judged  as  good.  If,  however,  a  more  general  criterion  is 
used,  such  as  whether  there  is  an  improvement  in  overall  intelligi¬ 
bility  of  speech  produced  by  the  deaf  child,  then  quite  the  opposite 
conclusion  could  be  obtained,  as  has  been  reported  by  Ling.  ^ 

% 

It  is  important  that  practitioners  in  the  educational 
field  agree  on  a  criterion  or  set  of  criteria,  so  that  any  innovation 
can  be  measured  against  any  other.  If  several  criteria  are  used,  a 
profile  may  be  needed  since  a  gain  in  one  dimension  may  be  accom¬ 
panied  by  a  loss  in  another. 

Dr.  House's  second  major  recommendation  that  pri¬ 
mary  emphasis  be  placed  on  the  Natural  Aid  was  questioned  by  Mr. 
Flanagan  who  asked,  "Was  this  because  the  same  device  could  be 
used  for  speech  reception  as  well  as  to  monitor  speech  production? 
How  important  was  it  that  aids  should  be  useful  in  both  speech  re¬ 
ception  and  speech  production  modes?  "  Dr.  House  replied  that  we 
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should  make  better  use  of  audition,  which  is  an  important  sensory 
modality  for  speech  and  hearing  before  trying  a  transformation  of 
the  information  into  another  sense  modality.  At  present  we  are 
not  making  the  maximum  use  of  residual  hearing.  It  is  also  a  moot 
question  as  to  whether  or  not  a  deaf  person  can  make  use  of  trans¬ 
position  or  some  unnatural  recoding  of  the  acoustic  information. 

General  discussion  on  papers  by  Ling,  Pickett  and.  House 

The  papers  by  Messrs.  Ling,  Pickett  and  House  provided 
the  framework  for  a  wide  ranging  discussion  on  the  overall  problems 
of  sensory  aids  research.  The  stimulus  for  this  discussion  was  pro¬ 
vided  by  Mr.  Harmon  who  made  several  trenchant  observations  re¬ 
garding  the  state  of  the  art  in  the  field  of  sensory  aids  for  the  hear¬ 
ing  impaired.  Mr.  Harmon  noted  that  he  was  an  outsider  and  that 
in  the  past  he  had  been  interested  primarily  in  sensory  aids  for  the 
visually  impaired.  From  this  point  of  view  his  past  observations 
had  led  him  to  the  belief  that  the  problems  of  sensory  aids  research 
for  the  visually  impaired  and  the  hearing  impaired  were  quite  differ¬ 
ent.  A  major  difficulty  in  the  field  of  sensory  aids  for  the  visually 
impaired  centers  on  the  fact  that  most  developments  have  been  ad 
hoc .  device  orientated  and  highly  fragmented.  The  big  steps  needed 
involve  the  application  of  systems  engineering  design,  a  great  deal 
of  fundamental  perceptual  research,  and  the  discovery  of  more  know¬ 
ledge  about  optimal  ways  of  transferring  information  between  various 
modalities.  In  contrast  to  these  needs  of  the  visually  impaired,  Mr. 
Harmon  had  heretofore  believed  that  the  greatest  problems  in  sensory 
aids  research  for  the  hearing  impaired  were  concerned  with  teaching, 
training  and  the  evaluation  of  devices  and  systems  that  were  already 
developed  (i.  e.  the  engineering  and  perceptual  research  problems 
were  minor  when  compared  with  the  problems  of  training,  evalua¬ 
tion  and  deployment).  As  a  result  of  the  positions  stated  in  the  pre- 
ceeding  papers  and  discussion,  Mr.  Harmon  announced  that  he  had 
completely  revised  his  view  and  now  believed  that  the  major  areas 
in  sensory  aids  research  for  both  the  hearing  impaired  and  the  visu¬ 
ally  impaired  are  not  very  different.  The  fundamental  questions  in 
both  fields,  he  thought,  pertain  to  the  organization  of  basic  percep¬ 
tual  processes.  In  particular  much  research  is  needed  on  the  po¬ 
tential  for  inter -modality  transfer  and  on  the  use  of  surrogate  chan¬ 
nels  and  codes. 


Mr.  Harmon  thought  that  it  would  be  useful  to  try  to 
establish  a  list  of  priorities  for  long-term  fundamental  research 
needs  in  order  ultimately  to  guide  and  stimulate  more  effective 
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work  on  sensory  aids  for  the  hearing  impaired.  In  keeping  with  this 
objective  he  had  prepared  a  short  list  of  what  he  considered  to  be 
research  problems  of  great  importance.  First,  he  thought  that  it 
was  vital  to  determine  what  kinds  of  equivalences  and  non- equival¬ 
ences  can  be  demonstrated  for  inter -modality  representations  of 
the  three  classes  of  information  processing;  natural  language, 
speech-like  sounds,  and  arbitrary  codes.  Second,  Mr.  Harmon 
thought  that  the  capacity  to  perform  inter -modality  transfers  of  in¬ 
formation  might  be  markedly  age -dependent.  There  might  be  a 
critical  period  during  early  youth  when  inter -modality  substitutions 
could  be  more  easily  achieved,  and  it  was  therefore  important  to  in¬ 
vestigate  the  potential  for  inter -modality  transfer  with  the  very 
young.  Third,  there  appeared  to  be  no  rigorous,  well  established 
procedures  for  evaluating  the  various  kinds  of  displays  that  have  been 
or  could  be  developed,  and  serious  consideration  should  be  given  to 
the  design  of  methods  for  measuring  the  relative  effectiveness  of 
these  displays.  A  fourth  question  related  to  the  relevance  of  written 
language  (both  perceptive  and  generative)  to  spoken  language  and,  in 
turn*  to  language  concepts.  Mr.  Harmon  wondered  to  what  extent 
the  relationship  between  these  aspects  of  language  could  be  quanti¬ 
fied  and  whether  there  might  not  be  interference  effects  as  well  as 
facilitatory  effects  between  them  during  the  process  of  language  ac¬ 
quisition.  If  so,  knowledge  of  these  effects  would  have  important 
implications  for  the  training  of  young  hearing  impaired  children. 

A  fifth  question  concerned  the  need  for  establishing  a  set  of  equi¬ 
valent  articulatory-acoustic  classes.  Can  these  be  codified  and  can 
they  be  used  to  improve  display  language?  Mr.  Harmon  was  aware 
that  these  mappings  are  not  necessarily  one  to  one,  and  that  there 
are  sometimes  no  unique  inverse  transformations.  However,  Mr. 
Harmon  felt  that  we  should  try  to  find  out  as  much  as  possible  about 
the  extent  to  which  such  equivalence  classes  can  be  established  so 
that  we  can  develop  more  effective  display  mappings.  Mr.  Harmon's 
sixth  point  was  that  we  should  look  into  the  question  of  whether  we 
can  rigorously  establish  methods  of  communicating  language  con¬ 
cepts  by  means  of  visual  methods.  He  pointed  out  that  although 
there  were  many  detailed  questions  being  asked  about  the  various 
kinds  of  visual  substitutes  for  speech,  an  important  prior  question 
that  still  remains  to  be  answered  is  how  vital  is  the  link  between 
natural  language  and  the  hearing  and  speech  mechanism?  Some 
fundamental  research  needs  to  be  done  in  this  area  to  clarify  some 
of  the  other  more  detailed  questions. 

Mr.  Boothroyd  argued  that  our  first  objective  should 
be  to  define  the  need  for  sensory  aids.  This  required  finding  out 


-  82  - 


more  about  the  skills  of  the  children  with  whom  we  are  dealing, 
and  Mr.  Harmon's  breakdown  of  problem  areas  should  also  include 
basic  studies  of  the  perceptual  capacities  of  hearing  impaired  chil¬ 
dren.  There  were  also  several  other  questions  to  be  considered 
such  as,  are  the  proposed  devices  to  be  simply  extensions  of  the 
child's  perceptual  apparatus  and  worn  continuously,  or  are  the  chil¬ 
dren  to  be  brought  to  the  devices  for  special  training  at  periodic 
intervals?  Moreover,  in  what  way  should  a  child's  environment  be 
structured  so  as  to  facilitate  learning  with  a  sensory  aid?  What 
sensory  or  feedback  systems  are  needed,  and  what  are  the  informa¬ 
tion  handling  capacities  of  these  systems?  In  Mr.  Boothroyd' s  view, 
the  answers  to  these  questions  depend  upon  knowing  more  about  the 
tactile,  visual  and  residual  auditory  capacity  of  the  hearing  impaired 
child. 


Mr.  Nye  agreed  with  Mr.  Boothroyd  on  the  need  to 
find  out  more  about  the  characteristics  of  hearing  impaired  children 
and  noted  that  a  further  item  could  be  added  to  Mr.  Harmon's  list; 
namely,  to  examine  how  existing  devices  are  of  help  to  deaf  individ¬ 
uals,  and  if  they  are  not  performing  adequate  service,  to  find  out 
what  improvements  need  to  be  made. 

Miss  Simmons,  noting  Mr.  Harmon's  statement  that 
the  acquisition  of  inter -modality  transfer  capability  may  be  markedly 
age  dependent,  raised  an  important  related  question.  To  what  ex¬ 
tent  is  early  amplification  of  value?  Mr.  Hirsh  noted  that  many 
aural  educators  believed  that  without  early  auditory  stimulation 
training,  many  moderately  hearing  impaired  children  (Groups  I  and 
II,  see  page  7)  would,  at  the  age  of  six  or  seven,  be  behaviorally  in¬ 
distinguishable  from  profoundly  hearing  impaired  children  (Group 
III).  Although  the  evidence  was  not  very  good,  Mr.  Hirsh  was  aware 
that  feelings  are  very  strong  on  this  matter.  Mr.  Ling  reported 
that  it  is  possible  to  rehabilitate  nine- year- old  children  whose  per¬ 
formance  level  (owing  to  deterioration  or  neglect)  is  equivalent  to 
that  of  Group  III  children.  He  had  personally  rehabilitated  several 
such  children  to  a  level  of  performance  at  which  they  were  able  to 
communicate  quite  effectively.  Mr.  Ling  stated  that  he  had  pro¬ 
vided  these  children  with  a  good  deal  of  concentrated  auditory  train¬ 
ing  and  had  even  suppressed  lip  reading  during  the  training  sessions. 
Mr.  McCroskey  reported  a  similar  result  from  a  study  carried  out 
on  a  profoundly  hearing  impaired  child  who,  after  ten  years  of  aural 
training  (with  a  hearing  aid),  was  regarded  by  his  teachers  as  being 
totally  unresponsive  to  sound.  In  this  case  the  problem  was  one  of 
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alerting  and  motivating  the  child  to  respond  to  whatever  little  resid¬ 
ual  hearing  he  had.  Once  this  was  achieved,  there  was  a  substantial 
improvement  in  the  child's  auditory  skills.  About  ten  hours  of  in¬ 
dividual  auditory  training  instruction  was  needed  for  this  task.  Mr. 
McCroskey  believed  that  although  early  amplification  was  important 
and  has  a  marked  positive  effect  on  the  child,  all  is  not  lost  if  a  few 
years  go  by  without  training. 

Mr.  Murphy  voiced  concern  over  the  tendency  to  think 
of  all  hearing  impaired  children  as  being  essentially  the  same  and 
as  having  the  same  needs  and  problems.  It  is  rare  for  a  hearing 
impaired  child  to  have  a  single  simple  impairment.  There  is  typi¬ 
cally  a  combination  of  factors  present  which  is  unique  to  each  child 
and  which  may  involve  other  sensory  impairments  or  modifications 
of  existing  sensory  function.  Mr.  Hirsh  acknowledged  the  impor¬ 
tance  of  individual  differences  but  countered  by  saying  that  it  would 
be  impossible  to  discuss  each  of  the  millions  of  hearing  impaired 
children  separately.  This  was  one  reason  why  Mr.  Hirsh  had  de¬ 
vised  his  own  audiogram  classification  (see  Prologue).  Referring 
to  this  system,  Mr.  Hirsh  thought  that  the  Group  I  children  are  es¬ 
sentially  hard  of  hearing  but  not  really  deaf.  However,  they  need 
hearing  aids  in  order  to  hear  themselves  and  others  nearby.  The 
Group  II  children  usually  have  low  frequency  sensitivities  similar 
to  those  in  Group  I  but  only  moderate  hearing  at  middle  and  high 
frequencies.  In  Mr.  Hirsh's  view,  these  were  the  children  who  ap¬ 
pear  to  benefit  most  from  early  amplification.  The  Group  III  chil¬ 
dren  are  the  profoundly  hearing  impaired.  In  this  group  it  is  hard 
to  distinguish  auditory  sensitivity  from  tactile  sensitivity.  The  needs 
of  each  group  are  quite  different,  and  Mr.  Hirsh  though  that  visual 
displays  are  probably  most  necessary  for  the  Group  III  and  possibly 
some  Group  II  children  who  have  not  responded  to  auditory  training. 

Mr.  Silverman  observed  that  a  substantial  proportion 
of  children  in  schools  for  the  deaf  belong  to  Groups  I  and  II  and  that 
these  children  have  a  considerable  potential  for  responding  to  audi¬ 
tory  training.  Mr.  Risberg  reported  that  in  Sweden,  educators  were 
concerned  with  improving  methods  for  classifying  audiograms  (see 
Prologue  for  a  description  of  Mr.  Risberg's  new  method  of  classi¬ 
fication).  Originally  Mr.  Risberg  and  his  group  had  used  Weden- 
berg's  classification  system"^,  but  this  system  did  not  work  well 
with  the  profoundly  deaf  children  now  being  found  in  Swedish  schools 
for  the  deaf.  Mr.  Risberg  thought  that  approximately  one  third  of 
the  children  in  schools  today  are  "totally  deaf,  "  another  third  have 
some  residual  hearing,  and  the  remaining  third  are  essentially  hard 


-  84  - 


of  hearing  and  possibly  have  other  handicaps.  Mr.  Risberg  person¬ 
ally  believed  that  the  children  who  are  totally  deaf  or  have  very  lit¬ 
tle  residual  hearing  are  those  for  whom  sensory  aids  should  be 
developed.  Mr.  McCroskey  objected  to  the  use  of  the  term  "totally 
deaf"  forthe  most  severely  impaired  children.  He  thought  the  phrase 
misleading  because  it  implied  that  audition  would  be  of  no  value  for 
these  children.  Mr.  Risberg  countered  by  saying  that  the  choice  of 
words  was  deliberate  and  that  we  should  be  realistic  in  describing 
the  problems  of  the  most  severely  impaired  group.  The  ordinary 
hearing  aid  does  not  work  well  with  these  children,  and  rather  than 
imposing  on  them  more  and  more  training  with  a  hearing  aid,  we 
should  think  in  terms  of  utilizing  sensory  aids  to  provide  some  spe¬ 
cial  coding  of  the  auditory  signal.  Mr.  Risberg  also  noted  that  the 
proportion  of  profoundly  deaf  children  was  greater  in  Swedish  schools 
for  the  deaf  than  in  schools  in  the  United  States.  Mr.  McConnell 
cited  some  statistics  which  supported  this  contention.  He  reported 
a  survey  of  teenage  deaf  students  made  several  years  ago  at  his 
center,  the  results  of  which  showed  that  less  than  one  third  could  be 
described  as  profoundly  deaf  Most  of  the  students  belonged  to  a 
less  severe  hearing  loss  category  such  as  Groups  I  and  II  described 
by  Mr.  Hirsh.  Mr.  McConnell  said  that  with  training  many  of  these 
students  could  be  brought  to  a  Group  I  level  of  performance. 

Mr.  Liberman  was  concerned  about  the  use  of  a  clas¬ 
sification  procedure  based  entirely  on  the  audiogram.  Although  use¬ 
ful,  he  wondered  if  additional  methods  of  classification  such  as  speech 
perception  tests  should  be  used.  Mr.  Hirsh  replied  that,  whereas 
the  predictability  of  speech  intelligibility  from  the  audiogram  is  very 
poor  for  adults,  this  is  not  the  case  with  young  children.  For  the 
simple  kinds  of  speech  perception  or  speech  production  tasks  that 
can  be  set  for  these  children,  the  best  predictor  is  hearing  loss  mea¬ 
sured  in  terms  of  the  pure  tone  threshold.  Mr.  Boothroyd  also  voiced 
support  for  the  predictive  power  of  the  pure  tone  threshold  as  an  in¬ 
dicator  of  speech  perception  or  speech  production  in  young  children. 

He  noted,  however,  that  the  predictions  were  good  only  on  a  statis¬ 
tical  basis  and  that  individual  predictions  can  be  quite  poor.  In  Mr. 
Boothroyd' s  view,  one  glaring  omission  in  the  audiograms  being  ob¬ 
tained  today  is  the  absence  of  information  above  a  sound  pressure 
level  of  110  dB.  Today's  hearing  aids  have  output  sound  pressure 
levels  of  over  125  dB  and  yet  we  stop  testing  children  at  110  dB.  There 
is  a  15  dB  gap  in  which  we  do  not  know  what  sensitivity  the  child  may 
have. 
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A  major  concern  of  Mr.  Liberman  was  the  extent  to 
which  non-linguistic  codes  can  be  used  in  place  of  speech.  He  be¬ 
lieved  that  speech  and  language  has  deep  biological  roots.  One  set 
of  experiments  which  he  thought  particularly  interesting  was  that 
of  Eimas  and  his  collegues  at  Brown  University  6.  In  these  experi¬ 
ments  they  reported  that  one-month -old  infants  can  discriminate  be¬ 
tween  pa  and  ba.  Not  only  can  the  infants  do  this  for  a  naturally  spo¬ 
ken  pa  and  ba,  but  also  for  synthesized  pa  and  ba  where  the  physical 
acoustic  difference  is  a  20  msec  change  in  the  onset  time  of  the  first 
formant  relative  to  the  second  and  third  formant.  This  is  the  essen¬ 
tial  acoustic  cue  for  the  difference  between  the  English  voiced  /b / 
and  voiceless  unaspirated  / p / .  Not  only  are  these  infants  able  to 
discriminate  such  small  time  differences,  but  they  discriminate 
these  differences  better  when  the  time  difference  straddles  the  adult 
phoneme  boundary  than  when  the  difference  lies  on  either  side  of  the 
boundary  (i.  e.  ,  in  either  the  ba  or  the  pa  category).  The  evidence 
suggests  that  these  one-month-old  children  have  a  strong  tendency 
to  perceive  categorically.  Mr.  Liberman  added  that  Eimas  has 
recently  replicated  the  experiment  using  ta  and  da  with  essentially 
the  same  result.  Mr.  Liberman  was  surprised  at  the  remarkable 
ability  of  these  young  infants  to  make  such  fine  auditory  discrimina¬ 
tions.  Certainly  one  month  old  infants  do  not  produce  either  pa  or 
ba;  they  do  not  spontaneously  babble  recognizable  stops  until  they 
are  seven  or  eight  months  of  age.  The  latest  evidence  indicates  that 
the  voiceless  unaspirated  stops  are  only  produced  after  fifteen  or 
sixteen  months  of  age.  Mr.  Liberman,  however,  cautioned  that 
these  data  should  not  necessarily  be  interpreted  to  mean  that  speech 
perception  is  entirely  independent  of  experience.  It  is  conceivable 
that  a  different  result  might  have  been  obtained  had  the  children  been 
reared  in  a  soundless  environment,  or  in  an  environment  with  sound 
but  no  speech.  Perhaps  all  the  infant  needs  is  a  model.  At  present 
these  are  open  questions  but  are  obviously  very  basic  to  the  early 
development  of  the  congenitally  deaf  child. 

Mr.  Liberman  also  spoke  of  his  own  experiences  in 
trying  to  find  acoustic  substitutes  for  speech.  Quite  a  few  years  ago 
he  and  Mr.  Cooper  examined  the  problem  of  building  a  reading  machine 
for  the  blind.  The  objective  was  to  devise  a  machine  which  would 
scan  the  printed  page  photo -electrically  and  recode  these  signals  to 
produce  intelligible  non- speechlike  sounds.  The  idea  is  not  new;  it 
dates  back  to  1914  or  earlier.  Although  devices  of  this  type  can  and 
have  been  built,  the  problem  remains  because  none  of  these  devices 
works  well  at  speeds  comparable  with  normal  speech  communication. 


-  86  - 


In  Mr.  Liberman's  view  the  reason  for  the  failure  is  that  speech 
is  a  very  special,  highly  efficient  code  that  requires  special  pro¬ 
cessing.  Having  failed  to  find  any  acoustic  substitute  for  speech, 

Mr.  Liberman  felt  that  it  would  be  even  more  difficult  to  find  a 
nonacoustic  substitute. 

Mr.  Risberg  thought  that  if  a  system  could  be  devised 
which  could  extract  information  relevant  to  speech,  a  deaf  individual 
could  probably  learn  to  use  it  successfully.  The  information  may 
appear  as  a  string  of  speechlike  elements,  but  the  deaf  individual 
would  nevertheless  get  the  information.  Mr.  Cooper  agreed  with 
Mr.  Risberg,  but  felt  that  this  approach  tackled  only  one  half  of  the 
problem;  the  other  half  involves  conveying  the  linguistic  information 
in  larger  than  bead- sized  units.  The  problem  involves  coding  as 
well  as  analysis.  Mr.  Risberg  thought  that  experiments  should  be 
carried  out  with  simulated  systems  of  this  type  to  see  if  speech  could 
be  conveyed  in  this  way.  Such  a  system  may  turn  out  to  be  similar 
to  Upton's  scheme,  in  which  visual  information  of  articulatory  fea¬ 
tures  is  conveyed  to  the  recipient  by  means  of  a  special  pair  of  eye¬ 
glasses  7.  One  lens  has  five  tiny  bulbs  embedded  into  it,  which  light 
up  when  a  particular  articulatory  feature  is  detected  by  the  device. 

Mr.  Risberg  thought  that  probably  Upton's  device  was  too  simple 
and  that  a  computer  would  be  needed  to  reliably  extract  the  articu¬ 
latory  features.  Mr.  Risberg  reported  that  he  is  working  on  a  sys¬ 
tem  based  on  a  principle  similar  to  Upton's  in  which  some  features 
of  articulation  are  automatically  extracted  and  the  information  is 
presented  to  the  listener  in  addition  to  speech  reading  cues.  The  sup¬ 
plementary  information  is  designed  to  reduce  the  ambiguity  between 
those  groups  of  sounds  which  appear  to  be  identical  to  the  lip  reader. 

Mr.  Mann  noted  that  a  study  of  this  type  had  been  per¬ 
formed  recently  by  a  doctoral  student  at  the  Massachusetts  Institute 
of  Technology  8.  In  this  study,  articulatory  cues  from  a  list  of  con- 
sonant-vowel- consonant  syllables  were  hand  extracted  and  encoded 
as  a  visual  display  showing  the  articulatory  parameters  of  the  sounds 
These  parameters  were  presented  to  the  listener  simultaneously 
with  the  sound.  A  group  of  normal  and  hearing  impaired  subjects 
were  trained  with  the  device,  and  it  was  found  that  for  both  groups 
the  added  visual  cues  provided  a  substantial  improvement  in  intel¬ 
ligibility. 


Mr.  Flanagan  wondered  whether  tactile  input  supple¬ 
menting  the  auditory  channel  might  not  have  some  advantages  over 
visual  displays.  The  temporal  resolution  of  the  tactile  sense  is 
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sufficiently  good  to  enable  ten  pulses  per  second  to  be  resolved 
quite  easily,  and  there  is  also  the  possibility  of  stimulating  sev¬ 
eral  positions  on  the  skin  simultaneously.  Mr.  Flanagan  was  aware 
of  the  tactile  vocoder  at  Stockholm  and  the  device  designed  by 
Kringlebotn  in  Norway  ^  and  was  interested  in  Mr.  Risberg's  opinion 
of  their  effectiveness.  Mr.  Risberg  replied  that  many  people  had 
worked  with  these  tactile  vocoders,  and  all  had  reported  negative 
results.  However,  he  thought  that  the  tactile  device  might  be  of 
value  in  combination  with  lipreading.  The  kind  of  approach  envis¬ 
aged  is  one  in  which  some  important  speech  feature  is  extracted 
automatically  and  transmitted  tactually  in  conjunction  with  lipread¬ 
ing.  Mr.  House  then  reported  briefly  on  some  work  by  Sherrick 
at  Princeton  which  he  though  relevant  to  the  discussion.  Between 
five  and  six  vibrators  are  distributed  over  the  body  and  are  acti¬ 
vated  so  as  to  produce  discriminable  patterns.  Sherrick  and  his 
co-workers  are  interested  in  alphabetic  coding  and  so  have  assigned 
the  patterns  according  to  the  frequency  of  occurrence  of  the  charac¬ 
ters;  the  most  frequently  used  letter  being  assigned  to  the  most 
easily  discriminated  pattern.  Using  this  approach,  they  were  able 
to  get  at  least  one  person  to  identify  letters  at  a  rate  of  about  100 
per  minute  (i.  e.  a  speed  comparable  with  a  good  Morse  code  rate). 

In  addition  to  the  fact  that  they  were  operating  at  higher  rates  than 
they  had  obtained  before,  they  found  that  they  could  move  the  vibra¬ 
tors  around  the  body  and  patterns  would  still  be  recognized.  That 
is,  once  learning  was  initiated  successfully,  the  pattern  of  vibrators 
could  be  moved  anywhere  on  the  body  (e.  g.  chest,  legs,  arms  or 
across  the  back  or  across  half  the  body)  without  seriously  interfering 
with  recognition  accuracy. 

Miss  Mulholland  thought  that  tactile  feedback  could 
be  used  to  advantage  to  provide  a  deaf  child  with  a  means  of  moni¬ 
toring  his  own  speech  production.  The  deaf-blind  child  learns  to 
produce  speech  by  tactile  interaction,  and  this  approach  works  well. 
Many  older  deaf  people  who  have  good  speech  were  taught  by  tactile 
methods  prior  to  the  advent  of  auditory  aids.  Miss  Mulholland 
thought  that  one  reason  why  tactile  techniques  are  not  widely  used 
today  is  that  this  approach  calls  for  close  physical  contact  with  the 
child,  and  some  teachers  do  not  like  to  be  touched.  Miss  Mulholland 
thought  that  even  at  present,  there  was  much  that  could  be  done  with 
young  adults  to  correct  articulation  and  other  problems  using  tactile 
feedback. 


Mr.  Mann  reported  that  one  of  his  students,  Hanson, 
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had  instrumented  the  Tadoma  method  ^  (i.  e.  the  method  in  which  the 
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deaf-blind  child  feels  the  teacher's  face).  Hanson  also  instrumented 
the  display  of  articulatory  cues  such  as  lip  movement,  nasal  vibration, 
the  intensity  of  air  flow  just  outside  the  mouth,  and  related  varia- 
ables.  These  cues  could  be  monitored  tactually  by  the  deaf-blind 
child.  An  evaluation  of  the  monitoring  scheme  using  a  visual  display 
showed  that  the  system  could  be  used  to  reliably  discriminate  a  list 
of  26  monosyllabic  words.  Mr.  Mann  noted  that  the  reason  why  this 
effort  was  mounted  in  1964  was  that  the  deaf-blind  teachers  were  com¬ 
plaining  that  there  was  a  growing  tendency  of  dislike  associated  with 
hand  contact  and  that  they  would  like  to  substitute  a  tutor  machine  for 
the  person-to-person  contact.  This  approach  seems,  however,  not  to 
have  been  pursued  further. 

REFERENCES 

1.  Davis.  H.  ,  Hudgins,  C.  V.,  Marquis,  R.  J.  ,  Nichols,  R.  H.  , 
Peterson,  G.  E.  ,  Ross,  D.  A.,  and  Stevens,  S.  S.  ,  "The 
Selection  of  Hearing  Aids,"  Laryngoscope,  56  (1946)  pp.  85-115  and 
135-163. 

2.  Summary  Report  of  the  Group  Hearing  Aid  Project  to  the 
Committee  on  Problems  of  Deafness  of  the  National  Research 
Council,  National  Academy  of  Sciences,  Washington,  D.  C. 

(October,  1957). 

3.  Ling,  D.  and  Maretic,  H.  ,  "Frequency  Transposition  in  the 
Teaching  of  Speech  to  Deaf  Children,  "  J,  Speech  Hearing  Res.  , 

14  (1971)  pp.  37-46. 

4.  Wedenberg,  E.  ,  "Auditory  Training  of  Severely  Hard  of  Hearing 
Pre-School  Children,  "  Acta  Oto-laryng,  Suppl.  110,  Stockholm 
(1954). 

5.  Bowman,  Z.  ,  The  Incidence  of  Audiometric  Air-Bone  Discrepancy 
in  Young  Deaf  Students  and  the  Relation  to  Vestibular  Functioning, 

M.  S.  Thesis,  University  of  Tennessee,  Knoxville. 

6.  Eimas,  P.  D.  ,  Siqueland,  E.  R.  ,  Jusczyk,  P.  and  Vigorito,  J.  , 
"Speech  Perception  in  Infants,"  Science,  171  (1971)  pp.  303-306. 

7.  Upton,  H.  W.  ,  "Wearable  Eyeglass  Speech  Reading  Aid,  "  Am.  Ann. 
Deaf,  113  (1968)  pp.  222-229. 

8.  Goldberg,  A.  J.  ,  "A  Visible  Feature  Indicator  for  the  Severly  Hard 
of  Hearing,  "  IEEE  Trans,  on  Audio  and  Electroacoustics,  to  appear 
(March  1972). 


-  89  - 


9.  Kringlebotn,  M.  ,  Nivabegrensning  og  transponering  (Level  Com¬ 
pression  and  Transposing),  Nord.  Tidskr.  For  Dovundervisning 
66  (1962)  pp.  161-167. 

10.  Hanson,  R.  J.  ,  Characterization  of  Speech  by  External  Articu¬ 
latory  Cues  as  the  Basis  for  a  Speech-to- Tactile  Communication 
System  for  Use  by  the  Deaf-Blind,  Unpublished  M.  S.  Thesis, 
Mechanical  Engineering,  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass.  (1964). 

11.  Alcorn,  S.  ,  "Development  of  the  Tadoma  Method  for  the  Deaf- 
Blind  Child,  J.  Except.  Child,  2  (1945)  pp.  117-119. 


-  90  - 


CHAPTER  5 


TEACHER  TRAINING 


Introduction 


The  contents  of  the  following  chapter  have  been  drawn 
from  a  transcript  of  the  address  given  to  the  conference  by  Dr.  Ira 
Hirsh,  Dean,  Faculty  of  Arts  and  Sciences,  Washington  University, 
St.  Louis,  Missouri. 

Mr.  Hirsh  stressed  the  need  for  better  qualified  tea¬ 
chers  of  hearing  impaired  children  and  outlined  some  topics  in  au¬ 
diology  and  speech  science  that  should  be  made  a  part  of  the  train¬ 
ing  of  every  paedo-audiologist  and  elementary  teacher  of  the  deaf. 

He  thought  that  a  knowledge  of  these  subjects  was  needed  to  make 
the  profession  more  effective  in  utilizing  existing  aids  and  more  re¬ 
sponsive  to  scientific  developments  in  related  fields  applicable  to 
education.  He  suggested  that  sensory  aids  providing  either  ampli¬ 
fied  sound  1  or  tactile  representations  of  speech  should  be  given  to 
significant  numbers  of  pre-school  infants  to  examine  the  question 
of  whether  this  measure  can  be  effective  in  stimulating  better  com¬ 
munication  skills.  Details  of  a  number  of  these  aids  are  discussed 
in  Chapter  3. 

The  Background 

Underlying  Mr.  Hirsh's  address  was  the  fact,  often 
unspoken  but  known  to  all  educators  of  the  deaf,  that  the  majority 
of  their  charges  do  not  reach  levels  of  achievement  comparable  with 
normal  children.  The  average  educational  level  of  the  hearing  im¬ 
paired  population  on  completing  formal  education  is  about  that  of  the 
eighth  grade;  it  is  therefore  not  surprising  that  approximately  five- 
sixths  of  this  group  find  themselves  eventually  occupied  by  unskilled 
jobs  It  cannot  be  denied  that  the  teaching  profession  has  a  respon¬ 
sibility  to  improve  this  performance  and  seek,  at  every  opportunity, 
new  ways  of  achieving  better  communication  with  the  hearing  im¬ 
paired  child.  Today  only  40  percent  of  those  teaching  hearing  im¬ 
paired  children  have  themselves  received  an  education  as  teachers 
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of  the  deaf.  While  the  performance  of  the  profession  could  perhaps 
be  improved  if  more  of  its  members  were  properly  trained,  it  is 
also  clear  that  the  training  itself  deserves  examination  from  time 
to  time  to  see  whether  it  is  up  to  date  and  reflects  the  best  interests 
of  hearing  impaired  children.  Mr.  Hirsh's  remarks  were  concerned 
with  the  matter  of  updating  and  strengthening  teacher  training  curri¬ 
cula. 

Training  Requirements 

An  obvious  prerequisite  of  the  educational  process  is 
the  task  of  establishing  good  speech  communication,  and  thus  it 
would  appear  that  a  knowledge  of  at  least  the  principles  of  audiology 
is  essential  to  enable  the  teacher  to  make  maximum  use  of  the  child's 
remaining  auditory  communication^.  Mr.  Hirsh  commented  that 
despite  the  close  dependence  of  teaching  on  audiology,  teachers 
have  in  general  not  been  well  acquainted  with  this  field.  On  the  other 
hand,  audiologists  traditionally  have  been  more  concerned  with  the 
clinical  aspects  of  hearing  impairment  than  with  education.  It  is 
therefore  imperative  that  educators  should  not  only  understand  but 
be  able  to  apply  the  acoustical  principles  which  govern  their  effici¬ 
ency  as  teachers.  Audiological  training  must  become  an  important 
part  of  every  course  program  for  teachers  of  the  deaf.  Another 
vitally  important  task  of  the  teacher  is  to  provide  speech  training, 
and  Mr.  Hirsh  argued  that  the  teacher  should  therefore  also  be  aware 
of  developments  in  speech  science. 

Speech  science  embraces  a  range  of  activities  extend¬ 
ing  from  studies  of  the  physiology  of  speech  production  to  artificial 
speech  synthesis  Devices  which  perform  speech  measurements 
are  the  essential  by-products  of  such  studies,  and  these  devices  de¬ 
serve  the  attention  of  speech  therapists  and  teachers  because  they 
may  offer  useful  methods  of  measuring  student  performance  and  may 
yield  a  variety  of  visual  aids  to  correct  a  child's  speech  production. 
Mr.  Hirsh  thought  that  teachers  should  therefore  be  aware  of  these 
research  activities  so  that  they  are  in  a  position  to  apply  devices 
and  concepts  to  the  educational  milieu  as  soon  as  their  potential 
benefits  become  apparent.  However,  while  it  is  desirable  that  tea¬ 
chers  of  the  hearing  impaired  should  be  able  to  monitor  progress  in 
other  related  disciplines,  it  is  also  evident  that  the  emphasis  of  their 
training  with  respect  to  these  disciplines  might  vary  with  the  age 
groups  of  the  children  with  whom  they  are  going  to  be  concerned. 
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For  example,  it  is  possible  to  distinguish  three  dis¬ 
tinct  phases  of  child  development  for  which  the  roles  of  the  teacher 
are  quite  different.  The  fact  that  these  roles  are  so  different  makes 
the  problem  of  prescribing  a  single  training  program  very  complex. 
Mr.  Hirsh  suggested  that  the  first  age  group  should  include  infants 
up  to  two  years  (0-2).  The  second  group  should  include  the  pre¬ 
school  program  (2-5).  The  third  concerns  the  elementary  school 
period  (5-10).  In  the  period  0-2,  he  saw  the  clinician  or  teacher  as 
an  audiological  adviser  primarily  to  parents,  providing  advice  on 
amplification  and  the  circumstances  and  physical  environment  in 
which  it  should  be  used.  This  adviser  should  also  have  received 
some  training  in  developmental  psychology  and,  in  particular,  the 
development  of  language.  Mr.  Hirsh  stressed  again  that  the  role  of 
the  teacher  during  this  period  should  be  essentially  that  of  an  adviser 
and  that  the  child  actually  remains  at  all  times  in  the  custody  of  its 
parents. 


During  the  pre-school  (2-5)  stage,  the  teacher -clini¬ 
cian  should  play  a  more  direct  role  because  he  now  has  the  respon¬ 
sibility  of  creating,  in  a  nursery  school,  some  of  the  conditions  which 
he  has  urged  upon  the  parents  during  the  0-2  phase.  The  objectives 
are  the  establishment  of  conditions  for  communication.  The  separate 
statement  of  these  objectives,  said  Mr.  Hirsh,  is  deliberate  because 
they  are  distinct.  For  work  in  this  pre-school  environment,  the 
teacher's  training  may  lie  a  little  closer  to  the  traditional  program 
but  with  one  notable  exception.  There  appears  to  be  an  emerging 
view  (at  least  in  the  U.  S.  A.)  that  the  teacher  should  not  attempt  to 
correct  the  child  at  this  stage  because  it  may  frustrate  or  stifle  his 
attempts  to  communicate.  The  active  encouragement  of  communi¬ 
cative  skills  appears  to  be  particularly  vital  between  two  and  five 
years.  Often  in  a  nursery  school  situation  a  child  will  become  more 
communicative  when  placed  in  a  room  with  a  group  of  others,  and 
this  kind  of  stimulation  should  be  applied  as  often  as  possible. 

In  the  elementary  school  (5-10),  the  teacher  should 
now  be  responsible  for  a  somewhat  more  highly  structured  program 
in  which  language  develops  according  to  reasonably  well- outlined 
steps  within  which  the  correction  of  speech  can  take  place.  It  is  also 
at  this  stage  that  the  elementary  level  subjects  are  usually  taught. 

In  addition  to  having  a  thorough  pedagogical  training,  the  teacher 
should  be  equipped  with  a  knowledge  of  the  acoustics  of  hearing  and 
of  hearing  capacity.  He  should  also  be  familiar  with  the  structure 
and  development  of  language  and,  more  particularly,  with  descrip¬ 
tive  and  acoustic  phonetics,  i.  e.  the  rules  by  which  the  articulatory 
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patterns  and  corresponding  sounds  are  formed.  Mr.  Hirsh  consi¬ 
dered  a  person  with  this  kind  of  training  to  be  better  equipped  to 
decide  whether  a  device  developed  by  speech  scientists  is  appro¬ 
priate  in  the  classroom  and  also  to  decide  whether  its  display  is 
satisfactory  or  can  be  converted  into  a  form  which  can  communi¬ 
cate  more  efficiently  with  a  child.  In  order  not  to  overlook  the 
child  who  may  have  failed  to  acquire  language  by  this  stage,  the 
teacher  should  also  be  able  to  train  the  student  in  communication 
by  sensing  the  key  articulatory  signals  such  as  those  provided  by 
the  jaws,  the  larynx,  the  lips,  the  nose,  and  through  touch.  To 
assist  those  with  profound  impairments,  the  development  and  use 
of  portable  electromechanical  devices  providing  tactile  or  visual 
stimulation  in  response  to  speech  sounds  should  be  studied  more 
energetically.  However,  although  such  devices  should  be  applied 
as  early  in  a  child’s  life  as  possible,  Mr.  Hirsh  though  it  likely 
that  visual  displays  may  not  be  very  effective  for  face-to-face  com¬ 
munication  during  the  pre-school  phase.  This  arises  because,  dur¬ 
ing  infancy,  vision  is  already  occupied  in  contributing  to  so  many 
other  aspects  of  a  child's  development. 

Concluding  Remarks 

Mr.  Hirsh  concluded  that  one  may  be  overambitious 
to  try  to  devise  a  single  training  program  spanning  the  three  stages 
of  child  development.  A  more  practical  approach  might  be  to  re¬ 
cognize  two  major  categories  which  require  separate  courses  of 
training.  The  first  covers  the  0-2  and  2-5  age  groups  and  therefore 
provides  mainly  an  audiological  background  with  basic  elements  of 
the  other  disciplines  already  mentioned.  The  person  completing 
this  course  might  be  described  as  a  pa  e  do -audiologist  after  the  mo¬ 
del  suggested  in  the  Netherlands.  The  second  course  covers  the 
5-10  age  group  and  thus  contains  a  strong  foundation  in  pedagogy, 
in  addition  to  the  speech  sciences.  Mr.  Hirsh  expressed  the  hope 
that  this  course  could  lead  to  the  production  of  a  cadre  of  high  qual¬ 
ity  elementary  teachers  equipped  to  more  readily  grasp  opportuni¬ 
ties  to  compensate  the  severe  communication  and  educational  handi¬ 
cap  that  deafness  creates. 
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DISCUSSION 


The  subject  of  teacher  training  drew  questions  and 
comment  on  the  composition  of  the  curriculum  and  methods  of 
training. 


Mr.  Kopra  opened  the  discussion  by  recalling  the 
suggestions  that  had  been  made  by  Mr.  Hirsh  on  the  subject  of  novel 
speech  training  aids  for  use  by  children  who  possessed  very  little 
residual  hearing.  Pointing  out  that  both  the  design  of  such  "Unnat¬ 
ural  Aids"  and  the  appropriate  pedagogical  approach  toward  their 
use  are  at  present  highly  uncertain,  Mr.  Kopra  went  on  to  imply 
that  it  would  be  a  mistake  to  become  embroiled  in  the  development 
of  novel  devices  when  current  technical  capability  is  not  being  fully 
utilized.  As  an  illustration  of  the  inadequate  exploitation  of  an  ex¬ 
isting  capability,  he  cited  the  fact  that  many  classrooms  provide 
such  poor  acoustical  environments  that  a  child,  capable  of  perform¬ 
ing  at  60  percent  efficiency  under  good  conditions,  may  have  its 
efficiency  reduced  to  zero  percent.  Hence,  in  the  long  run,  much 
more  could  be  achieved  by  avoiding  such  problems  as  the  mishandling 
of  equipment  and  poor  environmental  design.  Better  education  for 
teachers  could  go  a  long  way  toward  ameliorating  some  of  these 
problems. 


Seeking  to  put  Mr.  Hirsh's  remarks  into  perspective, 
Mr.  Lowell  pointed  out  that  approximately  half  of  the  educators  in 
schools  for  the  deaf  in  the  United  States  subscribe  to  the  manual 
method  of  communication.  He  also  indicated  that  among  the  oralists, 
the  number  of  those  who  favored  the  early  application  of  amplication 
is  probably  a  minority.  Referring  to  another  remark  made  by  Mr. 
Hirsh,  Mr.  Lowell  agreed  that  the  0-2  year  period  is  probably  the 
crucial  time  in  which  a  child  acquires  a  great  deal  of  its  ability  to 
receive  language.  He  concluded  that  early  infancy  is  also  the  right 
time  not  only  to  take  whatever  action  that  may  be  necessary  to  max¬ 
imize  auditory  input  but  also  to  utilize  the  visual  sense  in  the  manner 
adopted  by  the  traditional  oral  teacher.  Mr.  Lowell  explained  that 
this  is  essentially  the  premise  on  which  the  John  Tracy  Clinic  is 
now  basing  its  home  training  program  in  which  parents  are  given 
instruction  in  methods  of  auditory  management. 
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Miss  Miller  then  drew  attention  to  the  possibility 
that  instructional  technology  might  be  applied  effectively  to  the 
training  of  teachers  (particularly  in  audiology)  more  effectively,  in 
fact,  than  it  can  be  applied  to  teaching  the  deaf  child.  Moreover, 
she  suggested  that  the  Educational  Resources  Information  Center 
(ERIC)  clearinghouse  might  have  available  program  material  on  the 
subject  of  child  development  which  could  be  of  immediate  value  in 
training  teachers  of  the  deaf. 

Miss  Mulholland  voiced  her  reaction  to  Mr.  Hirsh's 
talk  by  drawing  attention  to  some  of  the  changes  in  educational  cur¬ 
ricula  which  are  currently  under  way.  She  indicated  that  new  certi¬ 
fication  requirements  will  soon  remove  some  of  the  factors  which 
have  restrained  university  program  development  in  teacher  prepara¬ 
tion.  The  trend  will  now  be  toward  immediate  specialization  upon 
entrance  according  to  age.  Four  special  areas  have  been  defined. 

The  first  covers  the  pre-school  phase  with  special  emphasis  on  the 
0-2  age  level.  The  second  is  the  elementary  level,  the  third  the 
secondary,  and  the  fourth  the  vocational.  Miss  Mulholland  recog¬ 
nized  that  the  matter  of  the  precise  structuring  of  the  courses  raises 
some  problems  and  endorsed  Miss  Miller's  suggestion  of  employing 
teaching  machines  to  train  teachers.  Mr.  Calvert  proposed  that  pro¬ 
grams  of  teacher  training  should  include  some  provision  for  continu¬ 
ing  education  at  seven-year  intervals  to  ensure  that  the  profession  as 
a  whole  remains  up  to  date.  Miss  Mulholland  confirmed  that  this  is 
one  of  the  proposed  certification  requirements,  but  Mr.  House  ex¬ 
pressed  some  doubt  about  the  need  to  give  educators  "retreads"  every 
seven  years.  He  didn't  think  that  the  educational  field  was  moving 
that  fast.  By  this  remark,  Mr.  House  appeared  to  oppose  the  senti¬ 
ments  of  many  of  those  present  who  thought  that  the  educational  field 
ought  to  be  moving  at  a  faster  pace  and  hence  that  there  should  be  a 
need  for  such  programs  in  the  future. 

Questioned  by  Mr.  Clark  on  the  influence  of  the  Chomsky 
school  of  linguistics,  Mr.  Hirsh  said  that  the  new  linguistics  had  had 
its  greatest  impact  on  the  concepts  of  teachers  with  respect  to  early 
learning  by  children.  But  he  suspected  that,  in  contrast,  its  recent 
infusion  into  whole  language  curriculum  of  our  schools  had  yielded 
no  measurable  beneficial  effects  on  the  use  of  language  by  children. 

Both  Mr.  Hirsh  and  Miss  Mulholland  had  spoken  of 
the  audiologists'  lack  of  interest  in  the  problems  of  educating  and 
working  with  young  children.  Mr.  McConnell  took  issue  with  this 
view.  It  was  his  observation  that  when  the  training  is  carried  out 
in  an  environment  populated  by  handicapped  children,  one  finds  that 
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several  audiologists  become  very  much  interested  in  working  with 
the  young  child.  He  also  pointed  to  the  need  to  distinguish  the  edu¬ 
cational  needs  of  the  child  in  the  0-3  age  group  who  is  acquiring  ade¬ 
quate  language  skills  and  the  child  who  is  not.  The  training  pro¬ 
grams  for  the  two  types  of  teachers  required  will  need  to  be  different. 
Mr.  Calvert  also  defended  the  audiologists,  attributing  to  their  ef¬ 
forts  the  fact  that  today  this  country  has  at  least  a  few  programs  which 
start  at  birth. 


Mr.  Ling  expressed  his  agreement  with  Mr.  Hirsh 
on  the  need  for  audiological  training  for  teachers  and  then  added  that 
it  was  also  important  for  the  profession  to  develop  a  "real  evaluative 
attitude"  toward  everything  it  does  and  this  must  begin  by  infusing  the 
right  attitudes  in  its  membership  during  training. 

How  representative  of  the  teaching  profession  were 
those  present  at  the  conference  was  Mr.  House's  question.  How 
many  converts  to  the  ideas  we  have  expressed  here  are  out  there 
among  teachers  of  the  deaf? 

Miss  Miller  reminded  everyone  that  only  40  percent 
of  the  teaching  force  in  schools  for  the  deaf  are  trained -- which 
should  not  necessarily  be  understood  to  mean  well-trained.  She  re¬ 
ported  that  recent  conferences  of  the  American  Speech  and  Hearing 
Association  had  discussed,  for  example,  the  idea  that  teachers 
should  learn  more  about  audiology.  To  many  people  these  ideas 
were  new  although  she  could  recall  their  being  discussed  20  or  30 
years  ago.  Mr.  Miller  implied  that  one  major  difficulty  lay  in  the 
field  of  continuing  education  where  there  was  a  need  to  set  up  an  or¬ 
ganization  capable  of  providing  the  necessary  input  to  upgrade  the 
competence  of  the  existing  work  force. 

Following  an  anecdote  related  by  Mr.  Hirsh  indicating 
that  some  teachers  trained  at  the  Central  Institute  for  the  Deaf  were 
unaware  of  the  structure  of  formants,  Mr.  Denes  suggested  that  a 
real  effort  should  be  made  to  start  an  institution  or  school  where  edu¬ 
cators  are  taught  about  communications  as  well  as  about  how  to  teach. 
Mr.  Lowell  also  referred  to  Mr.  Hirsh's  observation  and  was  quick 
to  defend  the  director  of  the  CID  by  pointing  out  that  it  was  Mr.  Sil¬ 
verman  who,  in  1946,  prepared  a  list  of  ideal  competencies  for  teachers 
of  the  deaf.  If  that  list  had  been  heeded,  we  would  not  now  have  need 
to  level  the  criticisms  that  "I  think  are  so  rightfully  implied  about 
our  profession.  "  At  this  point  the  chairman  closed  the  session. 
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CHAPTER  6 


INSTRUCTIONAL  TECHNOLOGY 


Introduction 


This  chapter  is  based  on  the  address  given  at  the  con¬ 
ference  by  Dr.  Duncan  Hanson  of  the  Computer  Assisted  Instruction 
Center  of  Florida  State  University,  Tallahassee,  Florida. 

Mr.  Hanson  described  the  potentialities  of  computers 
for  increasing  the  learning  and  communicative  capabilities  of  school- 
aged  children.  He  reviewed  the  progress  made  in  computer-based  learn¬ 
ing  (CBL)  systems  and  pointed  to  some  developments  on  the  horizon, 
particularly  those  involving  the  generation  of  visual  displays  which 
could  eventually  become  significant  tools  in  the  work  of  educators  of 
the  hearing  impaired. 

Computer-Based  Learning  Systems 

Mr.  Hirsh  had  previously  stressed  the  need  to  equip 
teachers  of  the  hearing  impaired  with  the  knowledge  needed  to  readily 
grasp  new  opportunities  to  compensate  the  educational  handicap  of 
deafness.  Mr.  Hanson  now  argued  that  one  important  opportunity  lies 
in  the  growing  field  of  instructional  technology  which  seeks  to  increase 
the  efficiency  and  extend  the  period  in  which  active  learning  can  take 
place.  However,  he  prefaced  his  address  with  a  remark  the  implications 
of  which  drew  comment  from  a  number  of  speakers  during  the  confer¬ 
ence.  Mr.  Hanson  expressed  the  belief  that  technology  will  move 
ahead  whether  one  likes  it  or  not  and  that  at  least  one  question  that  the 
conference  had  to  consider  was  how  such  a  group  of  conferees  could  in¬ 
fluence  it  and  provide  it  with  some  guidance. 

The  most  potent  justification  for  CBL  systems,  Mr. 
Hanson  thought,  is  the  revelation  that  of  the  five  hours  spent  in  school 
each  day,  only  one  hour  is  spent  on  what  can  be  operationally  defined 
as  learning.  All  of  the  other  four  hours  are  given  over  to  a  number 
of  other  activities  which  may  reach  objectives  such  as  personality  de¬ 
velopment  but  cannot  be  defined  as  learning.  Evidence  pointing  to 
CBL  as  a  worthwhile  alternative  has  emerged  from  a  number  of 
studies  .  These  have  shown  that  at  the  end  of  a  ten-week  course 
classes  of  adults  or  young  children  perform  up  to  twenty 
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percent  better  than  those  receiving  conventional  instruction  from 
teachers  of  average  competence.  Results  of  this  kind  depend,  of 
course,  upon  the  quality  of  the  instructional  algorithm,  but  most 
protagonists  of  CBL  will  admit  that  one  can  always  point  to  occa¬ 
sional  counter-examples  in  which  the  products  of  a  superb  teacher 
will  out-perform  those  trained  by  even  a  very  well-designed 
machine.  However,  in  the  matter  of  retaining  the  students'  attention, 
the  computer's  novelty  is  a  potent  factor  which  helps  maintain  in¬ 
terest  and  motivation.  The  fact  that  the  computer  is  also  a  teacher 
under  the  student's  personal  control  which  provides  information 
when  the  student  is  most  able  to  absorb  it,  must  not  be  overlooked. 
Methods  of  programmed  learning  have  been  applied  by  some  educa¬ 
tors  of  the  deaf,  and  the  results  described  in  reports  dating  back 
to  the  early  1960's  But  these  isolated  efforts  cannot  be  said  to 

have  had  much  of  an  impact  on  the  profession  as  a  whole. 

Mr.  Hanson  believed  that  there  were  two  good  reasons 
why  educators  of  the  deaf  should  be  aware  of  developments  in  the 
field  of  CBL.  First,  the  education  of  children  with  hearing  impair¬ 
ments  traditionally  and  necessarily  places  a  heavy  emphasis  on 
i n di vi dua  li zed  instruction  and  this  is  precisely  the  area  in  which  CBL 
systems  excel.  Second,  developments  both  of  instructional  algorithms 
and  supportive  hardware  are  making  good  progress  in  a  number  of 
areas.  Government  agencies  at  all  levels  are  bearing  the  major 
costs  of  implementation,  and  they  are  presently  underwriting  nearly 
50  percent  of  the  cost  of  all  such  activities  in  the  U.  S.  The  U.  S. 

Office  of  Education  Bureau  of  Research  alone  spent  approximately 
$53.  5  million  on  CBL  and  other  computer  related  research  projects 
in  1969  6.  if  educators  of  the  deaf  wish  to  take  advantage  of  these 
developments,  they  must  begin  to  take  an  active  interest  in  the  field 
and  ensure  that  the  special  problems  unique  to  the  education  of  the 
deaf  child  are  considered.  He  noted  that  one  CBL  project  with  these 
objectives  has  been  started  at  the  National  Technical  Institute  for 
the  Deaf,  Rochester,  New  York.  The  special  problems  of  the  hearing 
impaired  child  are  likely  to  be  solved  not  only  by  special  equipment 
but  also  by  adapting  the  rate,  complexity,  and  mode  of  presentation 
of  the  instructional  material  to  suit  the  motivational  and  psychological 
factors  that  accompany  a  severe  sensory  loss. 

Instructional  technology,  explained  Mr.  Hanson,  em¬ 
braces  at  one  extreme  the  multi-track  tape  recorder  (the  basic  equip¬ 
ment  of  any  language  laboratory)  and  at  the  other  the  large  time- shared 
computer  system  capable  of  serving  numerous  students  simultaneously. 
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The  depth  or  richness  of  the  educational  experience  made  possible 
by  these  machines  depends,  not  unexpectedly,  on  their  complexity. 

A  multi-track  tape  recorder  provides  the  student  with  two  principal 
benefits,  the  chief  of  these  being  the  fact  that  he  can  proceed  at  his 
own  pace.  The  other  benefit  is  that  he  can  compare  his  pronuncia¬ 
tion  in  recorded  form  with  that  of  the  teacher  and  thus  obtain  a  more 
objective  view  of  his  progress.  Auditory  material  recorded  on  tape 
can  be  interspersed  with  visual  material  delivered  by  a  slide  pro¬ 
jector,  but  the  development  of  the  course  is  essentially  along  a 
linear  path  which  all  students  must  follow.  In  contrast,  complex 
computer-based  systems  can  utilize  more  flexible  modes  of  commun¬ 
ication  via  teletypewriters  and  television  displays  in  addition  to  the 
sound  medium,  both  of  the  former  being  aptly  suited  to  the  hearing 
impaired.  Moreover,  the  instructional  algorithms  permit  what  are 
called  branching  procedures  which  provide  more  efficient  instruction. 
For  example,  if  a  student's  response  is  incorrect,  the  computer  pro¬ 
gram  can  be  organized  in  such  a  way  that  either  the  original  explana¬ 
tory  passage  is  repeated,  or  a  new  program  segment  is  selected  in 
which  a  simpler  example  and  problem  are  presented.  Thus  the  com¬ 
plete  instructional  algorithm  may  offer  a  large  number  of  alterna¬ 
tive  paths  to  the  final  goal  and  a  route  can  be  selected  to  meet  the 
student's  individual  need.  The  criteria  on  the  selection  of  the 
best  route  is  made  may  vary,  and  are  usually  derived  either  empirically 
or  theoretically^. 

By  virtue  of  their  inherent  flexibility,  computer-based 
learning  systems  are  adaptable  to  a  variety  of  educational  topics;  the 
most  effective  adaptions  can  be  made  to  those  topics  in  which  ques¬ 
tions  and  answers  can  be  expressed  by  means  of  context-free  type¬ 
written  text.  Basic  elements  of  the  exact  sciences  such  as  mathe¬ 
matics,  physics,  chemistry,  and  economics  can  be  taught  most  eas¬ 
ily,  but  applications  have  also  included  the  training  of  arithmetic 
and  reading  skills  for  young  children^.  Mr.  Hanson  pointed  out  that 
a  valuable  bonus  provided  by  the  computer  lies  in  its  facility  for 
record  keeping,  management,  and  monitoring.  Up-to-date  informa¬ 
tion  on  each  student's  progress  can  be  rapidly  provided  in  graphical 
or  tabular  form  and  appraised  by  the  teacher- supervisor  who  can  ' 
then  decide  whether  personal  intervention  is  required.  On  the  whole, 
the  buoyant  optimism  of  the  very  early  years  of  CBL  system  devel¬ 
opment  (which  saw  a  machine  as  being  potentially  capable  of  per¬ 
forming  almost  every  instructional  function)  is  largely  gone  now. 

Also  on  the  decline  are  many  of  the  early  fears,  held  by  some  edu¬ 
cators,  that  aspects  of  instruction  not  easily  amenable  to  computeri¬ 
zation  would  be  regarded  as  being  of  low  value  and  forthwith  rejected 
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from  the  curriculum.  Current  activities,  as  already  indicated, 
are  focussed  on  a  few  special  topic  areas,  and  the  goals  are  now 
more  often  expressed  in  terms  of  a  study  of  the  instructional  pro¬ 
cess  with  a  view  to  developing  theories.  Bruner  ^  distinguishes  a 
theory  of  instruction  from  a  theory  of  learning  by  pointing  out  that 
the  latter  is  essentially  descriptive  whereas  the  former  should  be 
prescriptive  in  setting  forth  rules  specifying  the  most  effective  ways 
of  achieving  knowledge  and  mastering  skills.  Thus  it  is  on  the  ba¬ 
sis  of  a  theory  of  instruction  that  the  optimum  branch  point  to  new 
or  supplementary  material  can  be  made.  It  should  also  be  concerned 
with  motivation.  The  constant  presentation  of  questions  which  elicit 
100-percent  correct  responses  may  lead  to  rapid  boredom  while  too 
high  an  error  rate  may  lead  to  discouragement.  The  theory  should 
provide  some  guidance  on  the  criteria  which  define  a  satisfactory 
level  at  which  interest  and  attention  are  maintained.  Some  investi¬ 
gators  in  the  field  hold  the  view  that  a  theory  of  instruction  should 
apply  to  all  children  including,  perhaps,  the  hearing  impaired.  How¬ 
ever,  those  with  experience  with  deaf  children  suspect  that  their 
hearing  loss  may  modify  their  perception  of  the  world  through  the 
remaining  senses.  Thus  these  children  may  have  learning  difficul¬ 
ties  which  are  uniquely  the  result  of  their  impairment  and  therefore 
may  require  different  instructional  algorithms  for  optimum  learning. 


Despite  these  possible  differences,  Mr.  Hanson  saw 
a  number  of  general  principles  which  are  likely  to  apply  equally  to 
hearing  impaired  and  normal  children.  First,  teaching  algorithms 
work  best  for  complex  tasks  in  which  many  errors  are  usually  made. 

If  the  task  can  be  taught  easily,  there  is  clearly  little  room  for  op¬ 
timization  and  the  effort  required  to  write  the  computer  program 
will  yield  a  very  small  return.  Second,  in  situations  such  as  the 
learning  of  word  lists,  there  should  be  provision  for  differential 
practice  giving  greater  emphasis  to  the  words  which  are  difficult 
and  decreasing  the  frequency  of  those  that  elicit  correct  responses. 
Various  investigators  employ  different  procedures  for  achieving 
this.  In  one  study,  response  sensitive  models  of  the  learning  pro¬ 
cess  are  formulated  which  attempt  to  reflect  each  moment-by-moment 
response  and  provide  an  up-to-date  learning  history  on  the  basis  of 
which  the  branch  to  the  next  learning  sequence  is  selected  .  Another 
approach  employs  response  sensitive  indices  computed  from  the 
proportion  of  correct  responses  and  their  latencies  and  adjusts  the 


frequency  of  presentation  accordingly 


10 


In  examining  the  potential  applications  of  CBL  speci¬ 
fically  to  the  education  of  the  deaf,  Mr.  Hanson  was  aware  that 
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there  are  both  limitations  and  opportunities.  One  of  the  limitations 
lies  in  the  important  field  of  speech  training  and  correction.  Because 
speech  recognition  programs  of  sufficient  flexibility  do  not  exist  at 
present  and  in  view  of  the  formidable  problems  involved,  they  are 
unlikely  to  exist  for  many  years.  Thus  the  computer  can  supplement 
the  qualified  teacher  only  in  limited  ways.  However,  in  the  areas 
of  text  and  lip  reading  instruction,  there  are  some  significant  oppor¬ 
tunities  for  increasing  learning  efficiency.  Thus,  for  those  students 
whose  residual  auditory  sensitivity  is  so  low  that  visual  stimulation 
must  be  utilized,  there  is  no  technical  reason  why  visual  displays 
in  the  form  of  either  video  recordings  or  animated  drawings  could 
not  be  developed  on  a  television  screen  under  computer  control. 

These  graphical  display  images  could  depict  either  a  speaker's  lips 
or  some  acoustic  feature  on  which  special  attention  is  desired. 

The  costs  of  instructional  computer  systems  and 
their  maintenance  are  high,  but  it  should  be  borne  in  mind  that  equip¬ 
ment  costs  have  been  falling  rapidly  in  recent  years  while  educational 
costs  have  been  rising  faster  than  ever  before.  Computer  installa¬ 
tions,  such  as  the  large  and  venerable  PDP-10  system  employed  on 
a  reading  project  at  Stanford  University  (which  currently  serves  40 
student  terminals),  operate  at  a  cost  of  between  $1.  50  and  $2.  00  per 
hour  of  instruction^.  However,  recent  developments  may  bring  costs 
down  as  low  as  $.  30  per  hour.  For  example,  Alpert  and  Bitzer  ^  of 
the  University  of  Illinois  are  working  on  a  student  terminal  for  the 
PLATO  IV  teaching  system  which  utilizes  a  plasma  display  panel. 

This  unit  provides  the  capability  of  storing  graphical  material  and 
drawing  on  the  screen  with  a  light  pen.  Colored  images  are  made 
possible  by  using  layers  of  different  gas.  In  addition,  background 
displays  in  the  form  of  projected  slides  can  be  provided.  However, 
the  resolution  is  considerably  less  than  a  conventional  cathode  ray 
tube  (as  used  in  television  displays),  and  many  engineering  problems 
still  remain.  Nevertheless,  it  is  technically  possible  that  many  hun¬ 
dreds  of  terminals  could  be  connected  to  a  single  time-shared  com¬ 
puter  with  a  considerable  reduction  in  operating  costs.  Even  now, 
for  between  $50,  000  and  $100,  000,  Mr.  Hanson  estimated  that  it 
would  be  possible  to  set  up  a  sensorily  aided  computer-instruction 
center  with  a  sufficient  number  of  terminals  to  provide  an  hour  of 
instruction  per  day  per  child.  The  operating  cost  would  lie  in  the 
region  of  $.  60  per  hour.  This  cost  would  include  the  salary  of  one 
technician,  a  maintenance  contract  with  the  computer  manufacturer, 
and  a  seven-year  amortization  on  the  equipment.  Additional  funds 
would  be  required  in  the  initial  stages  to  develop  instructional 
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programs  and  typically  the  cost  of  programming  and  staff  instructors 
and  development  would,  for  a  30-hour  course  sequence,  lie  in  the 
region  of  $50,  000.  This  course,  once  developed,  could  then  be 
adapted  with  relatively  little  effort  to  suit  the  needs  of  schools  with 
comparable  equipment  all  over  the  country.  Mr.  Hanson  asserted, 
however,  that  there  is  no  escaping  the  fact  that  the  team  which  de¬ 
velops  the  first  courses  must  be  composed  of  skilled  professionals 
dedicated  to  a  goal  and  prepared  to  devote  a  large  amount  of  time 
to  see  the  work  through  to  completion.  The  history  of  CBL  in  the 
United  States  is  liberally  strewn  with  projects  on  which  many  hun¬ 
dreds  of  hours  of  computing  time  was  spent,  but  because  the  prime 
movers  moved  on,  enthusiasm  waned,  or  short  cuts  were  taken,  the 
promised  benefits  never  materialized  and  the  systems  were  soon  re¬ 
jected  as  being  trivial. 

In  conclusion,  Mr.  Hanson  mentioned  one  further 
technical  development,  namely  the  video  recording  cassette.  As 
another  means  of  training  visual  communication,  he  thought  that 
this  development  deserves  to  be  watched  closely;  the  load-and-read- 
only  cartridge  associated  with  a  T.  V.  monitor  could  provide  a  sig¬ 
nificant  extension  of  a  child's  training  program  to  the  home.  Video¬ 
multiplex  timesharing  systems  could  provide  another  possible  route 
by  which  a  child  could  be  reached  in  the  home.  Via  community 
cable-vision  systems,  one  or  more  channels  could  be  provided  for 
special  educational  services  conducted  by  means  of  a  centrally 
located  computer.  Techniques  have  been  studied  by  which  it  would 
be  possible  to  address  any  one  of  1,  024  picture  tubes  located  in  in¬ 
dividual  homes  and  to  display  a  wide  variety  of  information  in  the 
form  of  diagrams  and  printed  text  from  the  library- store  of  the 
central  facility.  The  opportunities  for  conducting  structured  learn¬ 
ing  programs  within  the  home  through  this  system  should  be  examined 
and  progress  followed  closely  by  all  professional  educators. 
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DISCUSSION 


The  discussion  of  CBL  techniques  revolved  around 
three  main  topics;  the  extent  to  which  speech  training  can  be  achieved 
through  a  teaching  machine,  the  problem  of  maintaining  motivation, 
and  the  difficulties  that  have  plagued  past  efforts  in  the  design  of 
teaching  algorithms  to  meet  quite  modest  educational  objectives  in 
the  field  of  deafness. 

Mr.  Denes  acknowledged  that  because  it  is  not  possi¬ 
ble  to  design  algorithms  capable  of  recognizing  the  correct  articula¬ 
tion,  self-contained  speech  training  machines  are  not  practical. 
However,  he  pointed  out  that  in  Japan  a  thriving  industry  has  been 
based  on  the  teaching  of  English  using  semi -automated  methods. 

The  speech  recognition  difficulty  is  avoided  by  designing  the  teaching 
algorithm  in  such  a  way  that  the  student  can  be  monitored  by  any  na¬ 
tive  speaker  who  does  not  require  any  teaching  skills.  The  listener 
responds  merely  by  indicating  whether  the  articulation  is  right  or 
wrong.  The  procedure  thus  saves  the  time  of  several  skilled  teachers. 

A  similar  technique  which  can  increase  the  efficiency 
of  a  fully  trained  teacher  was  described  by  Mr.  Hanson  who  directed 
attention  to  an  application  of  video  recording  which  has.  been  success¬ 
fully  adopted  at  Florida  State  University.  During  rehearsal,  the  per¬ 
formances  of  up  to  four  music  students  are  recorded.  It  is  possible 
for  a  single  instructor  using  a  sampling  technique  to  monitor  these 
students.  He  does  this  by  selecting  passages  from  the  recordings 
from  which  he  can  judge,  in  a  relatively  short  time,  a  particular 
student's  weaknesses  and  give  explicit  instructions  designed  to  cor¬ 
rect  them.  The  learning  rates  under  this  type  of  instruction  are 
found  to  be  the  same  as  by  conventional  methods,  but  the  amount  of 
teacher  time  required  per  student  is  significantly  less. 

Mr.  Levitt  recognized  the  need  to  use  a  teacher's 
time  as  efficiently  as  possible  but  pointed  out  that  one  of  the  main 
advantages  of  the  teacher  being  with  the  student  is  the  fact  that  he 
or  she  can  maintain  the  student's  motivation  at  a  higher  level.  Miss 
Stegman  responded  by  citing  her  experience  with  machines  provided 
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to  give  children  drill  and  practice,  for  example  in  arithmetic.  She 
thought  that  motivation  could  be  maintained  at  a  high  level  provided 
that  the  teacher  is  always  alert  to  recognize  when  a  child  is  unable 
to  perform  a  particular  drill  and  is  ready  to  intervene  and  provide 
help  before  the  child  becomes  frustrated. 

Mr.  Boothroyd  asked  Mr.  Hanson  whether  the  novelty 
factor  had  an  important  part  in  maintaining  motivation  when  using 
teaching  machines.  From  his  own  experience  Mr.  Boothroyd  thought 
that  in  the  program  conducted  at  the  Clarke  School,  machines  appeared 
to  be  successful  with  children  aged  nine  and  above,  but  in  general, 
the  younger  children  did  not  like  interacting  with  machines  at  all. 
Admitting  that  novelty  was  a  potent  factor,  Mr.  Hanson  suggested 
that  motivation  may  rely  strongly  on  the  "intuitive  richness  of  the 
interaction.  "  He  indicated  that  some  teachers  have  successfully 
operated  interactive  programs  with  children  of  age  three  and  that 
at  Stanford  University  they  have  been  working  with  six-year-olds 
for  three  years  without  "rejects.  " 

Opening  the  discussion  of  past  efforts  in  automated 
instruction,  Mr.  Lowell  provided  a  brief  report  of  a  project  carried 
out  at  the  John  Tracy  Clinic  and  funded  by  the  Bureau  of  Education 
for  the  Handicapped.  This  project  concerned  the  development  of  a 

small  multiple -response  device  which  converts  any  film  strip  pro¬ 
jector,  motion  picture  projector,  or  audio  tape  recorder  that  has 
a  remote  control  device  into  a  teaching  machine.  The  device  con¬ 
sists  of  a  multiple -choice  box  which  lights  a  confirmation  lamp 
when  the  student  gives  the  correct  response.  At  present  200  boxes 
are  being  evaluated  with  100  film  strips  developed  over  several  years 
under  a  separate  program  called  Project  LIFE  (Language  Improve¬ 
ment  to  Facilitate  Education).  The  machine  has  now  been  licensed 
to  the  General  Electric  Company,  but  it  is  not  known  what  the  com¬ 
pany  intends  to  do  with  it.  Mr.  Lowell  indicated  that  the  device 
could  probably  still  be  improved  and  that  on  the  basis  of  early  re¬ 
sults,  unfortunately  badly  documented,  there  was  reason  to  believe 
that  it  could  be  very  powerful. 

Miss  Miller  introduced  a  cautionary  question  on  the 
time  needed  to  write  the  instructional  program.  She  thought  that 
two  years  was  too  optimistic  and  suggested  that  it  might  be  nearer 
ten.  Miss  Mulholland  agreed  and  recalled  that  this  was  one  of  the 
factors  which  made  Project  LIFE  expensive  and  time  consuming. 
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In  response  to  questioning  Miss  Mulholland  gave  a 
brief  description  of  Project  LIFE  It  began  in  1963,  funded  by  a 
sub -contract  from  the  National  Education  Association  which  in  turn 
received  a  prime  contract  from  the  U.  S.  Office  of  Education.  The 
goal  was  the  development  of  a  console  to  facilitate  the  instruction  of 
deaf  children  through  a  multi-linear  approach.  The  curriculum,  on 
which  the  program  was  to  have  been  based,  was  formulated  around 
ideas  on  language  training  and  concept  development.  It  was  never 
completed.  The  console  was  eventually  developed  but  in  a  much 
more  limited  form  than  had  originally  been  conceived,  largely  due 
to  personnel  difficulties.  However,  a  small  Project  LIFE  teaching 
machine  does  exist,  rescued  from  ultimate  oblivion  by  a  grant  from 
Media  Services  and  Captioned  Films,  U.  S.  Office  of  Education. 

Miss  Mulholland  thought  that  the  lesson  to  be  learned  from  this  ex¬ 
perience  was  that  money  should  be  spent  initially  not  on  equipment, 
but  on  capable  personnel  combining  knowledge  of  education  and  the 
problems  of  the  deaf  child  with  sound  technical  ability. 

Mr.  McCroskey  strongly  concurred  with  Miss  Mul- 
holland's  comments  on  the  importance  of  capable  personnel,  citing 
a  similar  example  from  his  own  experience.  On  the  subject  of 
equipment,  Mr.  McCroskey  recommended  what  he  called  the  KISS 
system.  It  stands  for  "Keep  It  Simple,  Stupid.  "  It  is  a  principle 
which  he  claimed  to  hold  in  great  affection  himself,  and  he  commended 
it  to  all  those  present. 

In  reply  to  a  comment  by  Mr.  Fellendorf  which  spot¬ 
lighted  the  apparent  duplication  of  effort  among  CBL  projects,  Mr. 
Moss  acknowledged  that  the  costs  of  CBL  research  are  high.  The 
major  problems  are  those  of  people,  time  and  money  rather  than 
technology.  Somehow,  he  suggested,  we  have  to  find  a  way  to  or¬ 
ganize  existing  resources  and  people  so  that  programs  can  be  writ¬ 
ten  more  efficiently.  This  will  be  more  and  more  necessary  in  the 
years  ahead  because  there  simply  will  not  be  enough  money  available 
to  sustain  the  existing  organizations.  Mr.  Moss  drew  attention  to 
the  fact  that  data  on  all  CBL  activities  in  the  U.  S.  could  be  obtained 
from  the  Educational  Resources  Information  Center  (ERIC)  Clearing 
House  on  Educational  Media  and  Technology  at  the  Institute  for  Com¬ 
munication  Research,  Stanford  University,  Stanford,  California  94305. 

At  the  invitation  of  the  chairman,  Mr.  Risberg  then 
gave  a  brief  report  on  work  with  speech  training  aids  in  Europe.  He 
described  one  device  designed  by  a  research  group  in  the  Department 
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of  Education  at  Uppsala  University.  The  device  utilizes  the  princi¬ 
ple  of  forced-choice  and  employs  a  projector  and  screen.  The  re¬ 
sponse  is  made  by  pressing  a  key.  If  it  is  correct,  a  new  slide  is 
projected,  but  if  the  wrong  answer  is  given,  the  image  fades  away 
for  a  few  moments  and  reappears  in  readiness  for  another  try.  The 
device  is  also  used  for  auditory  training.  Information  can  be  ob¬ 
tained  by  writing  to  the  Department  of  Education,  Uppsala  Univer¬ 
sity,  Sweden.  Mr.  Risberg  described  three  additional  speech  train¬ 
ing  aids,  all  of  which  had  been  designed  at  the  Handicappeninstitut. 
One  of  these,  a  group  training  machine,  had  been  built  recently. 

This  machine  consists  of  a  tape  recorder  with  one  track  containing 
the  stimulus  and  another  track  the  control  signal  and  a  slide  pro¬ 
jector  with  response  alternatives  attached.  Each  child  sits  at  its 
desk  with  a  response  box  and  is  given  the  auditory  and  visual  signal 
to  which  he  must  respond  by  pressing  the  appropriate  key  on  the  box. 
If  the  response  is  correct,  a  green  light  will  appear.  Records  of 
each  child’s  response  are  stored  on  punched  paper  tape  for  later 
analysis. 


Miss  Simmons  closed  the  discussions  on  instructional 

3 

technology  with  some  observations  on  the  use  of  the  Language  Master 
which  can  record  and  store  sentences  of  up  to  14  words.  Employing 
this  machine,  the  child  can  practice  speech  production  and  attempt 
to  deliver  his  sentence  in  the  same  time  interval  as  the  model  sen¬ 
tence. 
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CHAPTER  7 


SUMMARY  OF  THE  CONFERENCE 


Dr.  Silverman,  Director  of  the  Central  Institute  for 
the  Deaf,  St.  Louis  Missouri,  provided  a  brief  overview  of  what  he 
considered  to  be  the  major  points  raised  during  the  conference.  He 
concluded  with  several  comments  about  sensory  aids  in  general  as 
seen  by  an  educator  of  the  deaf. 

In  his  keynote  address  Mr.  Cooper  considered  the 
fundamental  question  to  be  how  do  we  produce  spoken  and  written 
language.  He  then  proceeded,  said  Mr.  Silverman,  to  ask  a  key 
question  about  the  importance  of  feedback;  was  it  essential  or  only 
sufficient  in  learning  to  speak?  Mr.  Cooper  then  elaborated  on  the 
point  that  language  is  more  than  an  acoustic  cipher  -  -it  is  a  code. 

He  briefly  described  the  parasite-host  model  of  language  and  speech 
in  which  speech  is  the  host  and  language  the  parasite. 

Mr.  Pickett,  with  some  assistance  from  Mr.  Risberg, 
provided  an  excellent  summary  of  the  speech  training  devices  now 
available.  A  common  feature  of  almost  all  of  these  devices  is  their 
lack  of  objective  evaluation.  Mr.  Silverman  thought  that  the  devices 
looked  promising,  however,  and  that  Mr.  Pickett  had  provided  help¬ 
ful  impressionistic  comments  about  the  performance  of  each. 

Mr.  Ling  gave  a  very  fine  account  of  the  state  of  the 
art  in  hearing  aids  and  reviewed  our  current  knowledge  about  the 
effects  of  frequency  response  and  other  acoustic  characteristics  on 
speech  intelligibility.  He  also  presented  us  with  a  valuable  list  of 
engineering  and  research  needs.  Mr.  Ling  then  concluded  with  a 
plea  for  more  work  on  understanding  what  children  do  with  their 
hearing  aids  and  on  evaluating  auditory  training. 

Turning  to  the  ticklish  problem  of  evaluation,  Mr. 
House  spoke  of  two  categories  of  aids  --Natural  Aids  (e.  g.  hearing 
aids)  andUnnatural  Aids  (e.  g.  visual  displays,  mapping  into  other 
modalities,  and  spectrum  manipulation).  He  then  posed  two  major 
questions:  What  does  the  aid  do  or  is  supposed  to  do,  and  does  it 
teach  some  useful  skill?  Mr.  House  considered  the  latter  question 
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to  be  of  primary  importance,  but  he  noted  that  virtually  all  of  the 
published  literature  dealt  with  the  former  question.  Mr.  House 
also  noted  that  in  addition  to  all  the  devices  which  remain  un evalu¬ 
ated,  those  that  were  reputed  to  have  been  evaluated  had  in  fact 
been  studied  merely  on  a  short-term  basis,  and  these  evaluations 
should  be  regarded  as  no  more  than  feasibility  studies.  Among  the 
problems  for  long-term  study  were  those  associated  with  control 
of  the  variables  as  required  in  a  good  scientific  investigation.  There 
was  also  the  problem  of  establishing  the  overall  goal  of  these  studies 
to  be  considered.  Mr.  Ling,  for  example,  did  not  consider  improve¬ 
ments  in  articulation  (such  as  the  correction  of  the  voiced- voiceless 
confusion)  as  being  representative  of  a  high-priority  goal  when  com¬ 
pared  to  some  of  the  other  things  that  might  be  done  in  the  available 
time.  Because  of  these  many  long-term  problems,  Mr.  House 
suggested  that  a  National  Research  Center  of  some  sort  should  be 
set  up  to  attack  them  in  a  coordinated  manner. 

A  fundamental  consideration  was  raised  in  the  dis¬ 
cussion  that  followed  relating  to  the  perceptual  development  of  chil¬ 
dren.  Mr.  Liberman  provided  a  stimulating  report  of  the  studies 
at  Brown  University  with  its  implications  for  the  young  hearing  im¬ 
paired  child.  Mr.  Harmon  raised  several  important  questions  about 
the  child's  perceptual  development.  He  suggested  that  we  should  be 
finding  out  about  the  perceptual  capacities  of  the  deaf  child,  how  the 
different  sense  modalities  could  be  modified,  what  was  the  potential 
for  intermodality  transfer  (was  it  age  dependent?  )  and  what  realistic 
limits  could  we  see  in  such  skills? 

Mr.  Hanson  provided  an  interesting  review  of  what  could 
be  done  with  modern  computerized  techniques.  Mr.  Silverman  noted 
that  he  knew  very  little  about  this  area,  but  he  found  the  ideas  and 
possibilities  of  computer  based  learning  (CBL)  or  individualized  per¬ 
sonal  instruction  (IPI)  very  encouraging.  It  was  Mr.  Silverman's 
feeling  that  we  ought  to  learn  more  about  these  techniques,  but  he 
warned  that  at  the  same  time  we  should  not  become  victims  of  fadism. 
Mr.  Silverman  was  not  enthused  by  Mr.  Hanson's  comment  that  tech¬ 
nology  will  move  ahead  whether  one  likes  it  or  not  and  was  somewhat 
concerned  about  what  was  meant  by  "ahead.  " 

Mr.  Hirsh  dealt  with  the  problems  of  teacher  training 
and  suggested  a  differentiated  course  of  teacher  preparation  resting 
on  some  common  core.  He  reviewed  briefly  the  advising  function  to 
the  parents  of  children  (0-2  years),  the  advising -teaching  function 
(2-5  years)  and  finally  the  teaching  function  (5-10  years).  Mr.  Hirsh 
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emphasized  the  knowledge  that  teachers  ought  to  have  of  the  audi¬ 
tory  system  and  the  auditory  residium  with  which  they  must  deal. 

Mr.  Lowell  recalled  the  other  culture  that  exists  within  the  teach¬ 
ing  community  concerned  with  the  deaf,  and  the  extent  to  which 
the  visual  system  can  be  used  with  manual  spelling,  signs,  or  some 
combination  of  the  two.  This  aspect  of  communication  deserves 
examination,  provided  that  it  is  done  scientifically.  The  visual 
sense  is  very  important  whether  or  not,  as  individuals,  we  believe 
in  manualism  or  oralism,  and  more  should  be  done  to  find  out  about 
how  children  see. 

Mr.  Silverman  had  several  general  comments  on  the 
questions  of  sensory  aids.  First,  as  an  educator  of  the  deaf  he  was 
overwhelmed  by  innovations  and  devices.  There  were  more  than  he 
could  absorb  or  evaluate.  Teachers  of  the  deaf  simply  cannot  cope 
with  all  of  this  material.  As  a  person  who  must  make  decisions  in 
a  school,  Mr.  Silverman  found  it  very  difficult  to  put  all  of  these 
devices  into  the  school.  Teaching  time  is  of  the  utmost  importance, 
and  he  was  concerned  about  making  the  right  decisions.  Mr.  Sil¬ 
verman  thought  that  more  than  periodically  contrived  interaction  be¬ 
tween  engineers  and  educators  of  the  deaf  is  essential.  It  is  parti¬ 
cularly  important  for  those  evaluating  new  devices  to  keep  in  touch 
with  teachers.  Producers  tend  to  overevaluate  their  products  and 
however  objective  they  are,  there  are  bound  to  be  some  biases  that 
may  creep  into  the  enterprise. 

Second,  Mr.  Silverman  was  encouraged  by  the  pro¬ 
gress  which  had  been  made  and  thought  that  engineers  should  be 
advised  to  keep  going  but  that  both  scientists  and  educators  should 
be  more  agressive  in  seeking  help  and  communicating  with  each 
other  about  what  needs  to  be  done  and  what  can  be  done.  This  means 
the  construction  of  a  working  arrangement  and  not  something  like 
moonlighting  or  occasional  employment.  The  relationship  needs  to 
be  dignified  and  to  be  supported  financially  if  possible.  "We  are 
people  concerned  with  communication,  and  we  should  learn  to  com¬ 
municate.  " 


Mr.  Silverman's  final  comment  related  to  the  acrostic 
KISS  (keep  it  ^simple,  stupid).  He  recalled  that  in  one  of  his  essays 
on  the  development  of  the  natural  sciences,  Alfred  North  Whitehead 
(commenting  on  the  scientific  enterprise)  said  that  "science  seems 
to  achieve  elegantly  simple  formulations.  "  He  said  that  this  was 
probably  true  because  "simplicity  is  the  goal  of  its  quest.  "  Whit- 
head  went  on  to  suggest,  however,  that  "we  should  seek  simplicity 
but  distrust  it.  " 
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Mr.  Fellendorf,  who  as  conference  chairman  had 
throughout  performed  admirably  in  his  efforts  to  steer  a  consistent 
course  through  a  wide  range  of  topics,  then  called  upon  the  chair¬ 
man  of  the  Subcommittee  on  Sensory  Aids  for  a  closing  address. 

Mr.  Mann  thanked  and  complimented  Mr.  Silverman 
on  his  summary  and  wound  up  the  conference  with  an  appeal  for 
persistent,  vigorous  and  critical  interaction  between  scientists, 
engineers  and  teachers. 

Mr.  Mann  referred  to  the  adverse  reactions  of  both 
Mr.  Hirsh  and  Mr.  Silverman  to  Mr.  Hanson's  opening  comment 
(Chapter  6).  He  thought  that  in  fact  they  were  in  essence  pleas  for 
technological  assessment--  a  now  popular  code  word  even  among 
engineers  and  a  word  which  could  equally  express  a  need  in  the  field 
of  sensory  aids  for  the  hearing  handicapped. 

Mr.  Mann  pointed  out  that  despite  the  fact  that  the 
conference  had  been  initiated  primarily  by  engineers,  it  nevertheless 
contained  a  very  broad  representation  which  he  saw  as  being  indica¬ 
tive  of  the  sensitivity  of  his  Subcommittee  toward  the  implications 
and  consequences  of  technological  innovation.  The  question  of  who 
was  ahead  of  whom  could  be  examined  in  a  much  broader  sense, 
however.  Expressing  the  belief  that  there  could  be  no  one  in  the 
room  who  would  contend  that  evolutionary  change  was  not  either 
necessary  or  inevitable,  Mr.  Mann  pointed  out  that  he  was  himself 
both  an  educator  and  an  engineer;  nevertheless  it  did  not  take  any 
special  sensitivity  for  him  to  sense  the  impatience  of  educators  of 
the  hearing  impaired  in  striving  toward  improved  performance. 

This  now  brought  Mr.  Mann  to  the  question  of  goals. 

He  was  concerned  with  how  they  are  established  and  who  sets  them. 
He  thoughtthat  it  would  be  an  unmitigated  tragedy  if  either  science 
and  technology  or  the  educational  establishment  alone  set  these  goals. 
"It  seems  to  me  that  the  business  of  setting  goals  should  be  a  corpor¬ 
ate  enterprise"  involving  in  addition  the  children  themselves,  their 
parents  and  society  as  a  whole. 

Mr.  Mann  used  a  favorite  phrase,  "man  parochializes 
nature,  "  to  point  out  another  vital  reason  for  corporate  effort.  It 
expressed  the  fact  that  man  has  a  limited  capacity  to  embrace  na¬ 
ture  and  that  his  efforts,  of  necessity,  tend  to  become  focussed. 
Hence  he  himself  carried  the  label  mechanical  engineer;  Miss  Mul- 
holland,  educator;  Mr.  Silverman,  educational  administrator;  etc. 
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When  an  attempt  is  made  to  decide  which  way  to  go,  we  must  learn 
to  lean  upon  one  another.  ’’Only  to  the  extent  that  we  can  interact 
in  the  identification  of  more  appropriate  courses  of  action  have  we 
a  prospect  of  pulling  together.  " 

The  term  "appropriate  courses  of  action"  was  taken 
up  and  elaborated  by  Mr.  Mann  who  said  that  he  was  long  removed 
from  the  naive  view  that  it  was  possible  to  set  a  priori  courses  of 
action  toward  desired  solutions  which  would  not  be  modified  en  route. 
We  are  all  aware  of  the  fact  that  we  approach  goals  by  a  process  of 
iterative  experimentation,  for  we  lack  either  collectively  or  individ¬ 
ually  the  wisdom  to  state  at  the  outset  how  a  particular  problem 
should  be  solved. 

Mr.  Mann  admitted  that  it  was  of  no  great  surprise 
to  him  to  find  that  a  certain  multiplicity  of  hardware  had  fallen  by 
the  wayside.  A  similar  fate  had  doubtless  befallen  many  educational 
techniques  -  -not  perhaps  before  their  good  points  had  been  extracted 
and  combined  with  other  methods.  The  major  differences  between 
devices  and  educational  techniques  lay  primarily  in  the  fact  that 
devices  are  more  visible.  "They  sit  up  there  like  ducks  in  a  shoot¬ 
ing  gallery"  and  when  they  fail  to  do  what  they  are  supposed  to  do,  it 
is  somewhat  easier,  perhaps,  to  shoot  them  down.  However,  Mr. 

Mann  asserted  that  the  fact  that  the  ducks  exist  was  of  importance, 
for  they  had  provided  a  focus  for  the  meetings  at  Gallaudet  College, 
in  Stockholm,  and  now  at  Easton  where  interactions  could  be  explored 
and  could  ultimately  be  made  to  lead  to  greater  fulfillment  and  greater 
effectiveness  in  terms  of  teaching  the  young  who  have  hearing  im¬ 
pairments. 


Mr.  Mann  concluded  with  the  opinion  that  the  confer¬ 
ence  had  been  of  historical  importance  as  one  step  toward  enhanced 
mutual  understanding,  enhanced  refinement  of  goals,  and  the  even¬ 
tual  fulfillment  of  those  goals  through  educational  techniques  and  pro¬ 
cesses  and  hardware.  Mr.  Mann  thanked  Mr.  Fellendorf  for  his 
able  performance  as  conference  chairman,  expressed  appreciation 
to  agencies  for  financial  support,  and  congratulated  Mr.  Garrett 
and  the  staff  of  the  National  Academy  of  Engineering  for  the  excellent 
running  of  the  conference. 
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CHAPTER  8 


CHARTING  THE  FUTURE: 

THE  PROPOSALS  OF  THE  CONFERENCE  PARTICIPANTS 


It  should  be  borne  in  mind  that  the  review  of 
the  conference  presented  in  this  capter  is  based  upon  the  edi¬ 
tors'  own  assessment  which  was  influenced  by  many  hours  of  expo¬ 
sure  to  the  thoughts  and  suggestions  that  were  expressed  and  re¬ 
corded  in  the  transcript.  As  such,  this  commentary  reflects  a 
point  of  view  which  is  likely  to  be  shared  by  many  but  not  necessar¬ 
ily  by  all  of  those  who  were  present. 

In  reviewing  the  conference  proceedings,  it  is  impor¬ 
tant  to  bear  in  mind  the  heterogeneous  nature  of  the  hearing  impaired 
population  and  the  separate  needs  of  distinct  sub-groups  within  this 
population.  Two  of  the  most  important  groups  are  adult  sensori- 
neurals  (mostly  presbycusics )  and  congenitally  or  prelingually  hear¬ 
ing  impaired  children.  The  former  group  is  by  far  the  largest,  and 
the  latter  group  by  far  the  most  severely  affected.  Within  each 
group,  there  are  also  substantial  differences  in  the  degree  of  hearing 
impairment  which  have  to  be  considered  because  their  needs  are  quite 
different.  The  adult  sensori-neurals  typically  require  communication 
aids  which  will  compensate  a  gradually  failing  auditory  system.  In 
addition  to  a  communication  aid,  the  prelingually  hearing  impaired 
child  requires  substantial  training  to  develop  a  speech  and  language 
capability.  Most  of  this  conference  report  is  concerned  with  sensory 
aids  for  the  prelingually  hearing  impaired  child,  but  also  included 
are  some  suggestions  which  may  be  of  value  to  adults  with  sensori¬ 
neural  los  s. 


Although  there  are  some  technically  advanced  aids 
for  use  by  individuals  with  conductive  hearing  impairments,  these 
aids  are  not  considered  in  detail  because  of  the  relatively  small  num¬ 
ber  of  people  who  suffer  debilitating  conductive  hearing  impairments. 
Most  conductive  hearing  impairments  can  be  successfully  treated 
by  surgery  or  by  conventional  bone  conduction  hearing  aids. 
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The  progress  of  the  conference  was  marked  by  sev¬ 
eral  recurring  themes.  Perhaps  the  most  important  theme  was  the 
extent  to  which  each  sense  modality  (including  residual  hearing)  may 
be  used  for  receiving  speech  in  coded  form.  As  pointed  out  by  Mr. 
Liberman,  speech  and  language  have  deep  biological  roots.  Further¬ 
more,  the  speech  code  is  highly  efficient  and,  in  Mr.  Liberman's 
view,  the  search  for  a  satisfactory,  non-linguistic  substitute  for 
speech  may  well  be  impossible.  This  argument  is  particularly 
telling  in  view  of  the  many  years  spent  by  Mr.  Cooper,  Mr.  Liber¬ 
man  and  other  leading  researchers  in  search  of  acoustic  substitutes 
for  speech.  Although  many  substitutes  have  been  tried,  the  rate  of 
information  transmission  has  always  been  found  to  be  very  low  and 
quite  unacceptable  when  compared  with  that  for  speech  ^  . 

The  important  unanswered  question  concerns  the  pos¬ 
sibility  of  finding  linguistic  substitutes  for  speech.  Many  hearing 
impaired  individuals  have  a  remarkable  facility  for  speech  reading. 

In  this  case  visual  cues  of  articulatory  gestures,  although  frequently 
ambiguous,  provide  the  speech  reader  with  substantial  information 
as  to  what  is  being  said.  Thus  it  may  not  be  too  unreasonable  to  ex¬ 
pect  that  linguistically  oriented  codes  could  be  developed  which  would 
substantially  supplement  the  speech  reception  ability  of  the  hearing 
impaired.  In  this  context,  both  the  current  research  by  Mr.  Risberg 
on  speech  reading  aids  and  the  suggested  research  by  Mr.  Miller 
on  examining  the  causes  of  failure  in  speech  reading  are  significant. 

A  second  recurrent  theme  was  the  need  to  undertake 
more  basic  research  into  language  acquisition  by  the  hearing  impaired 
child.  The  extent  to  which  speech  and  language  are  interrelated  is 
indicated  by  the  slow  rate  at  which  language  is  developed  by  a  hearing 
impaired  child.  The  ways  in  which  language  acquisition  by  children 
with  hearing  deficits  differs  from  that  in  normal  children  are  impor¬ 
tant  in  a  number  of  respects.  They  provide  a  direct  indication  of  one 
of  the  most  serious  manifestations  of  hearing  impairment  and  the 
type  of  remedial  training  necessary.  A  study  of  these  differences 
should  also  provide  useful  insights  into  the  nature  of  language  and 
language  acquisition.  For  example,  at  present  there  is  a  great  surge 
of  interest  in  the  processes  of  language  acquisition  in  normal  children 
because  of  the  useful  vantage  point  provided  by  these  experiments 
from  which  to  examine  the  basic  structure  of  language.  The  exten¬ 
sion  of  these  studies  to  the  hearing  impaired  child  should  add  new 
dimensions  to  the  study  of  language.  Of  particular  interest  are  the 
relationships  between  speech,  language  acquisition  and  degree  of 
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hearing  impairment.  A  better  understanding  of  language  and  its 
interdependence  with  speech  will  in  turn  shed  new  light  on  the  type 
of  sensory  aid,  or  special  training,  needed  by  the  hearing  impaired 
child. 


A  third  recurrent  theme  was  the  need  for  objective 
data  on  the  evaluation  of  existing  sensory  aids.  There  is  a  remark¬ 
able  paucity  of  evaluative  data.  Several  conferees  performed  a  use¬ 
ful  service  in  repeatedly  pointing  to  this  fact.  There  is  some  evi¬ 
dence,  however,  that  current  research  on  sensory  aids  is  placing  a 
greater  emphasis  on  objective  evaluation  than  has  been  the  case  in 
the  past,  and  this  trend  should  be  encouraged.  For  example,  four 
of  the  devices  described  at  the  Conference  on  Speech  Analyzing  Aids 
for  the  Deaf  held  at  Gallaudet  College  in  1967  ^  have  been,  or  are  in 
the  process  of  being,  evaluated  using  basically  sound  experimental 
techniques.  This  represents  a  substantial  growth  in  evaluative  effort 
when  compared  to  the  work  which  was  being  carried  out  prior  to  the 
Gallaudet  conference.  This  trend  appears  to  be  continuing,  but  it 
was  obvious  to  the  conferees  that  much  more  needs  to  be  done. 

The  question  was  raised  regarding  the  morality  of 
dividing  children  into  test  and  control  groups.  The  dilemma  arises 
because  on  the  one  hand,  children  in  the  control  group  may  be  de¬ 
nied  the  benefit  of  a  potentially  useful  device,  while  on  the  other, 
many  valuable  teaching  hours  may  be  lost  by  the  test  group  using  a 
device  which  is  of  no  practical  value.  This  situation  is  not  new  or 
unique  to  the  evaluation  of  sensory  aids.  Similar  decisions  (with 
much  more  profound  consequences)  are  faced  in  medical  research, 
and  established  ethical  procedures  are  followed.  The  onus  rests  on 
the  experimenter  to  design  as  efficient  an  experiment  as  possible. 
Sequential  testing^  may  be  a  particularly  appropriate  procedure  be¬ 
cause  the  experiment  can  be  terminated  as  soon  as  sufficient  evi¬ 
dence  accumulates  which  can  show  whether  there  are  significant 
differences  between  the  performance  of  control  and  test  groups.  In 
this  way  the  use  of  a  potentially  useful  device  need  not  be  withheld 
from  the  children  of  the  control  group  longer  than  is  absolutely  nec¬ 
essary. 


Closely  allied  to  the  problem  of  evaluation  is  that  of 
establishing  accurate  and  reliable  measures  of  communication  abil¬ 
ity.  At  present,  hearing  impairments  are  measured  primarily  in 
terms  of  the  audiogram  or  by  means  of  speech  discrimination  tests. 
However,  tests  of  this  sort  provide  only  a  limited  picture  of  an 
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individual's  disability.  In  real  life  the  hearing  impaired  individual 
is  exposed  to  speech  in  noisy  or  reverberant  conditions,  sometimes 
with  other  competing  voices  in  the  background.  Conventional  speech 
discrimination  tests  are  administered  in  a  quiet  room,  and  the  re¬ 
sults  of  these  tests  can  sometimes  be  misleading  if  they  are  used  to 
assess  a  hearing  impaired  individual's  ability  to  perceive  speech 
under  everyday  conditions.  Several  conferees  voiced  their  concern 
about  the  need  for  more  meaningful  speech  reception  measures  as 
well  as  for  improved  diagnostic  tests.  There  is  also  a  need  to  ex¬ 
tend  the  scope  of  these  standardized  methods  to  include  other  basic 
communication  skills  such  as  speech  reading,  speech  production 
and  language  (both  receptive  and  perceptive). 

A  fourth  recurrent  theme  related  to  the  need  for  a 
National  Center  devoted  to  the  development  and  evaluation  of  sensory 
aids  for  the  hearing  impaired.  The  proposal  has  merit  in  a  number 
of  respects.  Perhaps  most  important  of  all,  it  would  allow  for  a 
well-coordinated  overall  attack  on  the  principal  problems  and  a  ra¬ 
tional  ordering  of  priorities  based  on  the  nature  and  importance  of 
these  problems.  A  major  difficulty  at  present  concerns  the  matter 
of  finding  a  reasonable  balance  between  short-term  projects  with 
their  characteristically  small  but  immediate  pay-offs  and  basic  long¬ 
term  projects  with  no  promise  of  immediate  benefit.  At  present  the 
distribution  of  effort  is  almost  random.  The  overall  direction  of 
research  is  determined  by  members  of  the  research  community 
whose  choice  of  problems  is  dictated  in  part  by  individual  interest 
but  also  in  large  measure  by  their  ability  to  find  the  necessary 
funding.  Unfortunately,  this  process  tends  to  concentrate  research 
in  a  narrow  area  usually  on  short-term  projects.  There  are  gen¬ 
erally  few  opportunities  and  few  takers  for  the  longer  range,  more 
basic  research  projects. 

One  of  the  aims  of  the  conference  was  the  generation 
of  a  specific  set  of  recommendations  for  future  research  on  the  prob¬ 
lems  of  hearing  impairment  and  to  place  in  perspective  the  role  that 
sensory  aids  could  play  in  the  attempt  to  solve  these  problems.  Al¬ 
though  no  formal  resolutions  were  passed  by  the  conference,  acting 
on  a  suggestion  by  Mr.  Harmon,  the  participants  were  polled  mid¬ 
way  through  the  conference  as  to  what  they  considered  to  be  top 
priority  needs  for  the  immediate  future.  A  list  of  these  proposals, 
which  is  reproduced  in  the  form  of  Tables  2,  3  and  4,  provides  a 
convenient  base  from  which  to  develop  a  specific  set  of  recommen¬ 
dations  for  future  work  on  sensory  aids. 
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TABLE  2 


BASIC  RESEARCH  IN  SPEECH,  HEARING  AND  LANGUAGE 


1.1  Residual  perceptual  capacity  of 

deaf  children. 

a)  Research  on  speech  percep¬ 
tion  and  production  by  young 
deaf  children. 

b)  Determine  the  capacities  of 
the  visual  and  tactile  sen¬ 
sory  systems  of  the  congeni¬ 
tally  deaf  child. 

c)  Basic  research  on  sensory 
development  in  children. 

1.2  Multimodal  transmission  of 

speech  information. 

a)  Investigate  other  sensory  mo¬ 
dalities  that  could  be  used  to 
monitor  speech. 

b)  Determine  important  param¬ 
eters  in  articulatory  informa¬ 
tion  and  optimize  methods  of 
transmission;  e.  g.  using  a 
speech  synthesizer. 

c)  Research  on  inter -modality 
equivalence  classes  and  on 
methods  of  codifying  the  trans¬ 
formation  from  one  modality 
to  another. 

1.  3  Acquisition  of  Speech  and 

Language 

a)  Research  on  speech  acquisi¬ 
tion  processes  in  young  normal 
children. 


b)  Research  into  speech  production 
by  young  children. 

c)  Evaluation  of  the  correlation  of 
residual  hearing  with  language 
acquisition  and  how  input  to  the 
sense  modalities  is  correlated 
with  language  acquisition. 

d)  Research  on  the  learning  of 
aural  language  by  combined 
aural  and  manual  methods  (e.  g. 
cued  speech,  finger  spelling  and 
signs)  including  the  influence  of 
these  methods  on  oral  capacities 
for  such  early  training. 


a)  Develop  reliable  and  accurate  mea¬ 
sures  of  residual  sensory  function. 

b)  The  development  of  differential  diag¬ 
nostic  methods  to  separate  auditory 
from  other  communication  disorders. 

c)  Develop  a  computer  system  to  store  a 
standardized  and  uniform  corpus  of 
materials  and  develop  speech  recep¬ 
tion  measures  at  the  feature,  syllable, 
phrase,  sentence  and  paragraph  levels. 


a)  Determine  if  knowledge  of  speech 
perception  could  be  applied  to  facili¬ 
tating  language  development  in  young 
deaf  children  to  answer  the  question 
nWhat  articulatory  features  should  be 
transmitted  through  one  modality  or 
another  ?  " 


1.  4  Measurement  and  Evaluation 


1.  5  Unclassified 
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TABLE  3 


DEVELOPMENT  AND  EVALUATION  OF  SENSORY  AIDS 


2.1  Perform  basic  research  in  in¬ 
novative  hearing  aids. 

2.2  Investigate  the  usefulness  of 
frequency  division  techniques. 

2.  3  Evaluate  acoustic  amplifiers 
and  systems. 

2.  4  Perform  a  systematic  evaluation 
of  teaching  devices  currently 
available. 


2.  5  Broaden  the  goals  of  sensory  aids 
development  to  include  augmented 
teaching  aids,  especially  a  "visual 
image"  approach  to  language  devel 
opment. 

2.  6  Develop  robust  wearable  hearing 
aids  for  infants  and  children. 


TABLE  4 


3.1  Establish  a  national  coordinat¬ 
ing  agency  to  control  basic  and 
applied  research,  development 
and  evaluation. 

3.  2  Establish  a  National  Center  whose 
emphasis  would  lie  on  research 
in  communicative  functions,  sen¬ 
sory  aids  and  teaching  methodol¬ 
ogy- 

3.  3  Establish  a  National  Hospital 

Screening  Program  to  evaluate  3.  6 
the  hearing  of  the  newborn. 


Develop  a  highly  trained  cadre  of  oral 
teachers  with  a  sound  knowledge  of 
speech  and  auditory  science  to  serve 
as  the  nucleus  for  a  national  teacher 
training  program. 

3.  5  Educate  parents  and  teachers  about 
the  values  of  hearing  aids  for  the  young 
and  then  do  what  is  necessary  to  achieve 
the  placement  of  hearing  aids  on  young 
deaf  children. 

Develop  a  systematic  way  of  communi¬ 
cating  hardware  needs  to  the  industry. 


MANAGEMENT  AND  ADMINISTRATION 

3.4 
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Tables  2-4  are  significant  in  a  number  of  respects. 
First,  the  wide  range  of  proposals  is  indicative  of  the  many  cross¬ 
currents  of  thinking  at  the  conference.  However,  there  do  appear 
to  be  some  areas  of  common  ground,  and  at  least  three  major  ap¬ 
proaches  to  the  problems  can  be  discerned.  These  will  be  discussed 
shortly.  Second,  although  there  is  a  diversity  of  opinion,  the  groups 
of  broadly  similar  suggestions  do  not  tend  to  fall  into  opposing  cate¬ 
gories  but,  rather,  complement  each  other.  Third,  these  top  pri¬ 
ority  proposals  represent  the  considered  opinion  of  a  large  propor¬ 
tion  of  the  nation's  leading  research  workers  and  educators  concerned 
with  the  problems  of  the  deaf,  and  as  such,  these  ideas  should  have 
a  substantial  influence  in  this  country  on  the  future  development  of 
sensory  aids  for  the  hearing  impaired. 

There  appear  to  be  at  least  three  distinct  lines  of 
thought  regarding  what  most  needs  to  be  done.  The  first  (Table  2) 
calls  for  more  basic  long-term  research;  the  second  (Table  3)  for 
immediate  development  and  evaluation  of  specific  devices;  and  the 
third  (Table  4)  for  innovative  changes  in  management  and  admini  - 
stration.  Just  over  half  of  the  conferees  considered  some  form  of 
basic  research  as  their  top  priority  item.  The  suggested  research 
problems  can  be  sub-divided  into  at  least  four  categories: 

(1)  The  residual  perceptual  capacity  of  deaf  children. 

(2)  Multimodal  transmission  of  speech  information. 

(3)  The  acquisition  of  speech  and  language. 

(4)  Basic  problems  in  measurement  and  evaluation. 

These  categories  are  not  necessarily  mutually  exclusive  of  one  another 
although  their  ordering  does  approximately  reflect  their  proportion 
of  the  ballot.  In  the  top  category  is  expressed  the  need  to  make  the 
greatest  possible  use  of  a  child's  residual  hearing.  There  was  wide¬ 
spread  agreement  among  the  conferees  that  conventional  hearing  aids 
could  be  making  a  far  greater  contribution  than  they  do  at  present 
toward  alleviating  the  handicaps  of  deafness  suffered  by  very  young 
children.  Improvements  in  the  design  and  deployment  of  conventional 
hearing  aids  are  urgently  needed  if  they  are  to  reach  the  entire  hear¬ 
ing  impaired  population;  particularly  the  young  who  have  sufficient 
residual  hearing  to  enable  them  to  make  effective  use  of  a  hearing 
aid.  Of  the  conferees  who  did  not  consider  basic  research  as  their 
top  priority  need,  roughly  half  favored  practical  short-term  projects. 
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and  the  remainder  favored  more  effective  management  and  admin¬ 
istration.  From  within  the  latter  group  came  proposals  for  a 
National  Center  or  coordinating  agency  as  well  as  suggestions  for 
improving  teaching  training  and  other  educational  endeavors. 

In  conclusion,  although  much  can  be  said  in  favor  of 
conferences  which  succeed  in  producing  concise,  well  tabulated 
proposals  for  future  action,  there  were  also  less  obvious  aspects 
of  the  conference  which  were  of  value.  In  particular,  the  confer¬ 
ence  provided  an  opportunity  for  educators,  engineers  and  scien¬ 
tists  to  associate  and  learn  from  one  another  about  the  problems  as 
they  really  exist.  Many  of  the  less  tangible  benefits  of  the  confer¬ 
ence  may  take  years  to  come  to  fruition  but  eventually  we  may  ex¬ 
pect  to  see  results  in  the  development  of  a  greater  number  of  close 
professional  partnerships  of  the  kind  advocated  by  Mr.  Silverman 
and  Mr.  Mann;  partnerships  forged  between  engineers  and  educators 
of  the  hearing  impaired,  partnerships  which  can  hardly  fail  to  sig¬ 
nificantly  ameliorate  some  of  the  severe  social  and  economic  handi¬ 
caps  caused  by  auditory  deficits. 
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APPENDIX  A 


(Program  of  the  Conference) 


COMMITTEE  ON  THE  INTERPLAY  OF  ENGINEERING 
WITH  BIOLOGY  AND  MEDICINE 


Subcommittee  on  Sensory  Aids 


CONFERENCE  ON  SENSORY  TRAINING  AIDS 
FOR  THE  HEARING  HANDICAPPED 


November  15-17,  1970 
Tidewater  Inn 
Easton,  Maryland 


Purpose: 


To  bring  together  a  small  select  group  of  experts 
to  review  developments  in  devices  and  techniques 
designed  to  improve  the  language  and  speech  train¬ 
ing  of  hearing  impaired  individuals,  to  derive  fur¬ 
ther  requirements  for  such  devices  and  techniques, 
and  to  provide  recommendations  on  how  to  meet 
these  needs. 


Attendees:  By  invitation  only,  representing  the  engineering 

profession,  educators,  speech  scientists  and  in¬ 
dustry  involved  in  this  field. 
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CONFERENCE  ON  SENSORY  TRAINING  AIDS 
FOR  THE  HEARING  IMPAIRED 


(Evening) 

WELCOME 

OPENING 

REMARKS 


KEYNOTE 

ADDRESS 


SESSION  I 


LUNCH 


Sunday,  November  15,  1970 


Dr.  W.  Robert  Marshall,  Jr.  ,  Chairman, 
Committee  on  the  Interplay  of  Engineering  with 
Biology  and  Medicine 


Professor  Robert  W.  Mann,  Chairman,  Subcom 
mittee  on  Sensory  Aids 


Dr.  Franklin  S.  Cooper 

Monday,  November  16,  1970 

SENSORY  AIDS  HARDWARE 

Session  A  Speech  Teaching  Aids 

Dr.  James  Pickett 

Session  B  Conventional  Hearing  Aids 

Dr.  Daniel  Ling 

This  session  will  review  the  present  and  future 
status  of  sensory  aids  hardware,  including  a  dis 
cussion  of  present  limitations  of  knowledge  of  di 
crimination  deficits  and  the  tailoring  of  hearing 
aids  to  meet  identified  hearing  deficits. 
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SESSION  II 


TESTING  TECHNIQUES  AND  HARDWARE  EVALUATION 


SESSION  HI 


LUNCH 
SESSION  IV 


SESSION  V 
(evening) 


CLOSING 

REMARKS 


Dr.  Arthur  House 

This  session  wiU  consider  the  evaluation  of  both 
hardware  and  testing  techniques,  including  a  dis¬ 
cussion  of  methods  of  evaluation,  limitations,  and 
the  advisability  of  a  national  evaluation  center. 

Tuesday,  November  17,  1970 

PROGRAMMED  INSTRUCTION 

Dr.  Duncan  Hanson 

This  session  will  cover  devices  and  work  being 
done  in  programmed  learning  and  teaching  machines. 


TEACHER  TRAINING 


Dr.  Ira  Hirsh 

This  session  will  be  involved  in  the  basics  of  com¬ 
munications  aids.  It  will  include  a  discussion  of 
the  needs  of  classroom  teachers  and  others  involved 
in  education  of  the  hearing  impaired  and  wiH  be  con¬ 
cerned  with  fundamental  principles  and  operation  of 
the  various  types  of  sensory  aids. 

CONFERENCE  SUMMARY 


Dr.  S.  Richard  Silverman 

This  will  provide  a  wrap-up  of  the  significant  features 
of  the  conference  including  reference  to  the  most 
pressing  areas  of  needs  in  research  and  recommen-. 
dations  on  how  to  meet  these  needs. 


Professor  R.  W.  Mann 
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APPENDIX  B 


CONFERENCE  PARTICIPANTS 


Conference  Chairman 


Mr.  George  Fellendorf 
Executive  Director 
Alexander  Graham  Bell  Association 
for  the  Deaf 
3417  Volta  Place,  N.  W. 

Washington,  D.  C.  20007 


Invited  Speakers 


Dr.  Franklin  S.  Cooper 

President  and  Research  Director 

Haskins  Laboratories 

270  Crown  Street 

New  Haven,  Connecticut  06510 

Dr.  Duncan  Hanson 
Professor,  Department  of 
Computer  Sciences 
Florida  State  University 
Tallahassee,  Florida  32306 

Dr.  Ira  Hirsh 

Dean  of  the  Faculty  of  Arts  and 
Sciences 

Washington  University 
St.  Louis,  Missouri  63130 

Professor  Arthur  S.  House 
Institute  for  Defense  Analysis 
100  Prospect  Street 
Princeton,  New  Jersey  08540 


Dr.  Daniel  Ling 
Director 

School  of  Human  Communication  Disorders 
McGill  University,  Beatty  Hall 
1266  Pine  Avenue  West 
Montreal  112,  Quebec,  Canada 

Dr.  Robert  W.  Mann 
Germeshausen  Professor 
Department  of  Mechanical  Engineering 
Massachusetts  Institute  of  Technology 
Room  3-449 

Cambridge,  Massachusetts  02139 

Dr.  James  Pickett,  Director  and 
Professor  of  Speech  Communication 
Research 
Gallaudet  College 

7th  Street  and  Florida  Avenue,  N.  E. 
Washington,  D.  C.  20002 

Dr.  S.  Richard  Silverman,  Director 
Central  Institute  for  the  Deaf 
818  South  Euclid 
St.  Louis,  Missouri  63110 


126  - 


Invited  Discussants 


Dr.  Melville  Appell 
Bureau  of  Education  for  the 
Handicapped 
Office  of  Education 
7th  and  D  Streets,  S.  W. 

Washington,  D.  C.  20024 

Dr.  Arthur  Boothroyd,  Director 
C.  V.  Hudgins  Diagnostic  and 
Research  Center 
Clarke  School  for  the  Deaf 
Northampton,  Massachusetts  01060 

Dr.  Donald  Calvert 
Executive  Director 
San  Francisco  Hearing  and  Speech 
Center 

2340  Clay  Street 

San  Francisco,  California  94115 

Dr.  Bryan  Clarke 
Associate  Professor  of  Special 
Education 

University  of  British  Columbia 
Vancouver  8,  B.  C. 

Canada 

Dr.  Peter  B.  Denes,  Head 

Speech  and  Communication  Research 

Department 

Bell  Telephone  Laboratories,  Inc. 
Murray  Hill,  New  Jersey  07974 

Dr.  Eldon  L.  Eagles 
Assistant  Director,  National 
Institute  of  Neurological  Diseases 
and  Stroke 

National  Institutes  of  Health 
Bethesda,  Maryland  20014 


Dr.  James  L.  Flanagan,  Head 
Acoustics  Research  Department 
Bell  Telephone  Laboratories,  Inc. 
Murray  Hill,  New  Jersey  07974 

Dr.  C.  Daniel  Geisler 
Professor,  Department  of  Electrical 
Engineering  and  Laboratory  of 
Neurophysiology 
University  of  Wisconsin 
Madison,  Wisconsin  53706 

Dr.  Victor  Goodhill 
Professor  of  Surgery  (Otology) 

School  of  Medicine 

University  of  California,  Los  Angeles 
Los  Angeles,  California  90024 

Mr.  Leon  D.  Harmon 

Systems  Theory  Research  Department 
Bell  Telephone  Laboratories,  Inc. 
Murray  Hill,  New  Jersey  07974 

Dr.  Lennart  L.  Kopra 
Professor  of  Speech  and  Education 
Department  of  Speech 
The  University  of  Texas  at  Austin 
Austin,  Texas  78712 

Dr.  Harry  Levitt 
Associate  Professor  of  Speech 
The  City  University  of  New  York 
Graduate  Center 
33  West  42nd  Street 
New  York,  New  York  10036 

Dr.  Alvin  M.  Liberman 
Professor  of  Psychology 
Department  of  Psychology 
University  of  Connecticut 
Storrs,  Connecticut  06268 
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Dr.  Edgar  Lowell,  Administrator 
John  Tracy  Clinic 
806  West  Adams  Boulevard 
Los  Angeles,  California  90007 

Mr.  Samuel  F.  Lybarger,  President 
Radioear  Corporation 
Valley  Brook  Road 
Canonsburg,  Pennsylvania  15  317 

Dr.  W.  Robert  Marshall,  Jr. 

Dean,  College  of  Engineering 
The  University  of  Wisconsin 
Madison,  Wisconsin  53706 

Dr.  Freeman  McConnell,  Director 
The  Bill  Wilkerson  Hearing  and 
Speech  Center 
1114  -  19th  Avenue,  South 
Nashville,  Tennessee  37212 

Professor  Robert  L.  McCroskey 
Department  of  Logopedics 
Wichita  State  University 
Wichita,  Kansas  67219 

Dr.  James  D.  Miller 
Central  Institute  for  the  Deaf 
818  South  Euclid 
St.  Louis,  Missouri  63110 

Dr.  June  B.  Miller 
Educational  Director 
Department  of  Hearing  and  Speech 
University  of  Kansas  Medical  Center 
Kansas  City,  Kansas  66103 

Dr.  James  W.  Moss,  Director 
Division  of  Research 
Bureau  of  Education  for  the 
Handicapped 
Office  of  Education 
7th  and  D  Streets,  S.  W. 

Washington,  D.  C.  20202 


Dr.  Ann  Mulholland,  Coordinator 
Program  for  the  Hearing  Impaired 
Department  of  Special  Education 
Teachers  College,  Columbia  University 
New  York,  New  York  10027 

Dr.  K.  P.  Murphy,  Deputy  Director 
Audiology  Research  Unit 
Royal  Berkshire  Hospital 
Reading,  England 

Mr.  Arne  Risberg 

Project  Planning  Engineer 

The  Swedish  Institute  for  the  Handicapped 

161  03  Fack  Bromma  3 

Sweden 

Dr.  Audrey  Ann  Simmons,  Director 

Aural  Rehabilitation 

Central  Institute  for  the  Deaf 

818  South  Euclid 

St.  Louis,  Missouri  63110 

Miss  Jean  Stegman 
Asst,  to  the  Director  for  Speech 
Development 
Gallaudet  College 
7th  and  Florida  Avenue,  N.  E. 
Washington,  D.  C.  20002 

Professor  Herman  R.  Weed,  Chairman 
Bio-Medical  Engineering  Coordinating 
Committee 

The  Ohio  State  University 
2015  Neil  Avenue 
Columbus,  Ohio  43210 
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Staff 


Mr.  Charles  W.  Garrett 
Executive  Secretary- 

Committee  on  the  Interplay  of  Engineering 
with  Biology  and  Medicine 
National  Academy  of  Engineering 
2101  Constitution  Avenue,  N.  W. 
Washington,  D.  C.  20418 

Dr.  Patrick  W.  Nye 

Consultant  to  the  Committee 

Haskins  Laboratories 

270  Crown  Street 

New  Haven,  Connecticut  06510 

Mrs.  Dorothy  D.  Campbell 
Administrative  Assistant  to  Mr.  Garrett 

Mrs.  Ernestine  M.  Pierce 
Secretary  to  Mr.  Garrett 
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